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SUMMARY

Towards the end of the 1960s there was a sudden and sustained

increase in the general mortality rates (crude and standardised )}
and in the numbers of deaths from respiratory cancer in Armadale

burgh, West Lothian: the data appeared in routine publications of

the Registrar General for Scotland. The present study constitutes

an investigation of this phenomenon.

Firstly it was demonstrated that the increased incidence of

respiratory cancer in Armadale was real, and not due to clerical,

diagnostic, or statistical artefact. The sources of data used

included the Annual Reports of the Registrar General for Scotland,

parish death certificates, hospital morbidity records and statistics,

the Regional Cancer Registry, and clinical files at the local general

hospital. The contributions of other common diseases to the increased

rates of general mortality were identified. The incidence of

respiratory cancer in other communities in West Lothian and Lanarkshire

was investigated.

Secondly, causes for the excessive incidence of respiratory cancer

in Armadale were sought by studying some of the attributes of the

victims of the disease: age, sex, occupation, smoking history, and the

anatomical Bite and histological type of the cancer.

Thirdly, potentially carcinogenic factors in the air, soil and

water of Armadale1s environment were investigated. These factors
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included general air pollution and some metallic pollutants from

past and present industrial activities in and around the burgh.

Fourthly, a district of the burgh was identified where there

was a significant geographical clustering of the residences of

the victin® of respiratory cancer at the time of their deaths.

This clustering was related to a local source of industrial

pollution.

Fifthly, a hypothesis of causation was tested by, and supported by

the results from,another study of respiratory cancer within a similar

community nearby. Further support for the hypothesis came through

the process of diagnosis by exclusion: the roles of other potential

sources of pollution - both local and distant — in the outbreak of

respiratory cancer in Armadale were investigated and eliminated.
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nI see, said I, a huge Valley and a prodigious Tide of Water rolling

through it. The Valley that thou seest, said he, is the Vale of Misery,

and the Tide of Water that thou seest is Part of the great Tide of

Eternity.• .Examine now, said he, this Sea that is "bounded with Darkness

at both Ends, and tell me what thou discoverest in it. I see a Bridge,

said I, standing in the Midst of the Tide. The Bridge thou seest, said

he, is humane Life; consider it attentively...I see Multitudes of People

passing over it, said I, and a black Cloud hanging on each End of it.

As I looked more attentively, I saw several of the Passengers dropping

thro' the Bridge into the great Tide that flowed underneath it; and

upon further Examination, perceived there were innumerable Trap-doors

that lay concealed in the Bridge, which the Passengers no sooner trod

upon, but they fell through them into the Tide and immediately disappeared.

These hidden Pit—falls were set very thick at the Entrance of the Bridge,

so that Throngs of People no sooner broke through the Cloud, but many of

them fell into them. They grew thinner towards the Middle, but

multiplied and lay closer together towards the End of the Arches that

were entire....My Heart was filled with a deep Melancholy to see several

dropping unexpectedly in the Midst of Mirth and Jollity, and catching at

every thing that stood by them to save themselves. Some were looking

up towards the Heavens in a thoughtful Posture and in the Midst of a

Speculation stumbled and fell out of Sight. Multitudes were very busy

in the Pursuit of Bubbles that glittered in their Eyes and danced before

them, but often wEen they thought themselves within the Reach of them

their Footing failed and down they sank. In this Confusion of Objects,

I observed some with Scymetars in their Hands, and others with Urinals,

who ran to and fro upon the Bridge, thrusting several Persons an

Trap-doors which did not seem to lie in their Way, and which they miglrt

have escaped had they not been thus forced upon them."

"The Vision of Mirsah", The Spectator, 1To.159» Addison.
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PART 1. GENERAL INTRODUCTIOIT



1 -1 THE PROBLEM OF RESPIRATORY CANC.'R

During recent decades there has been a rapid increase in mortality

from respiratory cancer, particularly in males (309, 386). The maximum

incidence was recorded in the male cohort born in the early years of the

present century (377)* In females, the increase in mortality from

respiratory cancer appeared some decades later (352); amongst their

cohorts, mortality was maximal in those born in the early 1920s (309)»

Despite dramatic improvements in diagnostic and therapeutic techniques

during recent years, the prognosis for respiratory cancer has remained

unfavourable. Host patients die within 1 year of diagnosis (362, 423)•

The failure of therapy in respiratory cancer can be attributed largely

to ignorance about the complicated sequence of biological events whereby a

carcinogenic stimulus is linked to the ultimate invasive or symptomatic

stages of neoplasia in general (9). For example, the roles of "initiators"

and "promoters" in neoplasia are unclear (58, 100, 244, 294)* Intrinsically

harmless solvents and "carrier" substances may introduce biologically-dormant

carcinogens into tissues (378). There the host's own metabolism may convert

such previously—inactive molecules into active carcinogens (209, 403); or

it may be prevailed upon by other substances to retard or accelerate neoplasia

(76, 207, 324, 350). Furthermore, a substance may be carcinogenic only

within certain limits of concentration (47, 339, 347a), or alternatively

may inhibit the carcinogenic properties of other substances (237, 379)«

Humoral or tissue antibodies of the host to the cancer may be important

in inhibiting its neoplastic progress (164, 176, 311, 498, 412). These
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immune responses may in turn "be under hormonal (408, 1-36), sex-linked

(260) or other genetic cellular control (172, 216). Within the

respiratory system in particular, the contact of inhaled carcinogens

with the tissues may he influenced by the system's many components

(186): phagocytosis by pulmonary macrophages (378, 395)» the quantity

and quality of mucus produced there (299), the effectiveness of

ciliary activity (235)» and. the consequent rate of mucus flow (132, 305).

Moreover, the blood-borne spread of tumour cells 'within the lung may

be inhibited by thromboses (311), thereby postponing diagnosis or

mortality.

Epidemiologists have discovered important facts about cancer. For

example, there are remarkable international and intranational differences

in the incidence of various cancers (100, 103, 116, 200, 203, 391)•

Again, the incidence of certain cancers in migrants and in their offspring

is often dramatically different from the incidence in the communities

from which such migrants originated (51, 90, 91, 121, 128, 167)• Although

it is arguable that migrants may not be typical of their populations of

origin (80, 91, 334), the deduction from such studies is that most common

cancers, including respiratory cancer, represent a pathological response

of tissues of the body to carcinogens within the environment (305).

Conversely, in such cancers, genetic factors, while present (23, 180, 307,

326, 363, 401, 428), probably do not play a dominating role in stimulating

the onset and development of cancer (77, 161, 172, 340).

The corollary to the demonstrable primacy of environmental factors

in carcinogenesis is the necessity for workers in Preventive Medicine to
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identify such factors in the human environment and to eliminate them

(102, 103» 104, 128), Yet progress in this direction has "been

disappointing. The poor performance stems again from ignorance, -

ignorance about the precise environmental influences which transform a

normal cell into a malignant one (l9l)s "spontaneous cancer may he

described as an experiment, performed by nature, of which the exact

conditions are unknown" (77)»

The obstacles confronting the prying epidemiologist are many.

Firstly is the inescapable and protean effect of genetic variability

between (23, 363, 438) and within (180, 216, 401 ) ethnic groups.

Secondly is the inextricable complexity of the environmental influences

to which an individual is exposed during the 4 decades of his life

which precede the years when he is most prone to cancer (161 )• Thirdly

is the duration of the "lag—phase" between carcinogenic insult and

overt carcinogenesis: for respiratory cancer, estimates of the "lag-phase"

have been between 25 and 45 years (7, 50, 63) and around 20 years

(70, 98). But "lag—phases" as short as 4 years have been postulated

for the circumstance where a carcinogen contacts respiratory tissues

which have been damaged already by toxins, irritants and weak carcinogens

(250, 268, 317» 382, 390); in these susceptible individuals the suspected

carcinogen may be merely activating a pre—existing carcinoma—in-eitu

(15, 100, 313, 390).

Despite these obstacles to their research, however, epidemiologists

in the tradition of preventive oncology started by Percival Pott (226a)

have accumulated circumstantial evidence linking many cancers to specific
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components of the environment (40). For respiratory cancer such

components have included the smoking of tobacco, - especially

cigarettes - (16, 85, 93» 171, 218, 264, 341), the inhalation of

asbestos fibres (96, 129, 230, 277» 364) and the occupational exposure

to sc«ie industrial metals (46, 89, 211) such as nickel (97» 110, 279,

317, 430), chromium (98, 213) and arsenic (30, 34» 305). Other substances

incriminated in respiratory carcinogenesis include mustard gas (64)»

benzpyrene-type compounds (57, 172, 238, 239, 275, 286, 389, 392, 435),

nitrosamines (259a, 353) and radon (66, 98, 267, 268). Biological

agents which have been incriminated in neoplasia include viruses (78, 196,

115, 117, 118, 192, 207, 240, 276, 386, 397, 431), fungi (100, 119, 421,

432) and bacteria (195, 353). Epidemiologists also discern a role in

respiratory carcinogenesis of non-specific tissue irritants such as heat

(172, 263, 298, 317, 327), dust (155, 160, 178, 279, 297, 350) and sulphur

dioxide (252). But such is the physico-chemical complexity of the modern

urban and industrial environment that epidemiologists hesitate to identify

any one, self-sufficient carcinogenic substance amongst the plethora of

reputed carcinogens: "we do not know in respect of any single pure chemical

substance that it induces cancer in man or makes cancer development more

likely" (340). Instead the emphasis is on the interacting (additive or

synergistic) carcinogenic effects of several such substances (103a, 268,

286, 287, 294, 365, 391, 427).

nevertheless the search has continued for other factors in the general

and occupational environments which might be identified as vital pieces in

the jigsaw of carcinogenesis. Identification is made easier where the

exposed population is culturally and genetically homogeneous and exists
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within a compact geographical area; where the mobility of the workers and

other inhabitants in the community is low; where important changes in

industrial processes are documented; where the inhabitants attend one

hospital (89, 201); and where reliable mortality data on cancer can be

corroborated by information on its incidence derived from a Cancer Register

and from hospital statistics (153a, 261a, 439)*

Given such a favourable constellation of circumstances where a high

incidence of cancer is suspected in the community, the fortunate

epidemiologist crust proceed# Seated "before fact as a little child.•••••

prepared to give up every preconceived notion" (30a), he must attempt to

satisfy in this context the strict criteria fox- causation which have been

drawn up (6, 100, 104, 188, 193, 442)# Such criteria includes

1) statistically—based evidence of disease in the

population;

2) epidemiological evidence relating the disease

to one or more environmental factors;

3) a biological "dose-response" gradient in the

epidemiological findings;

4) a time—relationship in which any change in the

degree of pathogenic stimulation is followed by

a corresponding change in specific mortality or

morbidity;
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5) specificity in the phenomenon such that the

pathogenic stimulus is not markedly associated

with other diseases, or that the pathological

response is not associated with other pathogenic

factors;

6) evidence that a similar association of stimulus

and response exists elsewhere;

7) evidence that a similar disease can he produced

in experimental animals by the same stimulus.

1.2 THE PRESENT BTVD3TIGATIQII

According to the routine data on mortality in the Annual Reports of

the Registrar General for Scotland, there was a sudden, sustained and

unexplained increase in the numbers of deaths from respiratory cancer

in Armadale, a small burgh in West Lothian. The increase started in 1968,

and the high incidence was reported annually until 1973 when there was a

change in the format of the Annual Reports as a result of Local Government

Reorganisation. Concurrent with the increase in deaths from respiratory

cancer in Armadale was a reported increase in its general mortality rates,

both crude and standardised. The aim of the present investigation was

to examine these disturbing data further.

It was proposed to proceed with this investigation of the epidemiology

of respiratory cancer in the community as follows:—



to supplement the Registrar General's reports

with information on the incidence of respiratory

cancer collected independently from a Cancer

Registry, hospital records and parish death

certificates;

to evaluate the apparent excessive incidence "by

means of statistical tests;

to seek concomitant changes in the rates of

other major causes of death in that community;

to examine the personal attributes of these

victims of respiratory cancer, — such as age,

sex, occupation, smoking habits, and place of

residence;

to search for potentially-carcinogenic changes

in the environment of the community;

to establish a causal hypothesis for the phenomenon,

and to test this hypothesis in a different population;

to suggest those measures of Preventive Medicine which

would reduce or eliminate the relevant carcinogenic

risk from the environment.
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PZFiaE IOIIS

Pollutant: a substance which "ultimately causes annoyance or

discomfort or danger to man" (318).

Carcinogen: "an agent v,'hich increases the risk of development

of one or mors particular forms of cancer compared

;rith the risk inhere there is no exposure to the

agent" (340).



PART 2. AN iPIDMIOLOGICAL INVEST 3BAT1CW OF

RESPIRATORY CAKCER IK COMMUNITISS OF KE3T LOTHIAN



Plate 1; The eastern outskirts of Armadale, showing the close geographical

relationship between the main heavy industry in that burgh,

(the steel foundry), and the housing.
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2.1 THE EPmillQLQGY 0? DI3PASS BJ SMALL POPULATIONS

2,1,1. DTTRODUGTI01T

The epidemiological investigation of disease in small communities

is bedevilled by the problem of how to achieve statistical significance

with small numbers. With all but the most common diseases, the annual

numbers of cases are so few that it is impracticable to analyse the

incidence rates by single years, as is customary. Yet, as many research

workers have indicated, noxious air—borne pollutants may produce their

baleful results within relatively short distances of their sources

(34, 35, 159, 247, 288, 304). So while the mortality rates for a large

population may be more amenable to statistical analysis, by widening

the "catchment area" of cases, an interestingly-high incidence in a small

population may be overlooked.

In the present investigation, therefore, it was decided to use the

natural "catchment areas" afforded by the small burghs in '.Jest Lothian.

These populations are typical, Scottish, industrial communities, — on

a small scale, but long-established. The inhabitants live in the shadow

of the local factories, metaphorically and sometimes literally (Plate 1)•

Si most communities, the industrial activity is centred on one

(infrequently more) of the traditional heavy industries, — either steel-

making or the mining of coal, fireclay or shale. The light industries

there are more recent institutions.

Apart frora in Linlithgow, which is the hub of local government in

West Lothian, members of the "white-collar" social classes in these burghs
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are few. Hence these communities are socially homogeneous.

Although the area of West Lothian is not large, each of its

communities is separated from its closest neighbour by several miles

of open country. This circumstance provided two epidemiological

advantages: firstly, it facilitated the social contacts and mobility

between these populations which had ensured a reasonable genetic,

social and cultural homogeneity amongst them; secondly, any serious

effects of the pollutants produced by one community's industry were

more likely to be confined to that community's population.

The statistical problem inherent in the small numbers of deaths

(or cases) provided annually by these small burghs was circumvented by

the incidence of disease in these burghs being considered over units

of time composed of several years grouped together.

The epidemiological perspective of mortality within each small

burgh was clarified further. Firstly the diagnostic evidence for the

cause of each death was scrutinized when relevant. And secondly the

derived mortality rate was expressed in differing ways, - for example

as a crude or standardised death rate or ratio, as well as a

Proportional Mortality ratio (270, 302, 426). The validity of the

picture of the incidence of disease, as derived from such mortality

parameters, was checked further by an investigation of the appropriate

morbidity data, where available.
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2.1.2 METHODS

The medical histories and social characteristics of several

communities in southern Scotland were studied. These communities

included Armadale, Bathgate, Whitburn, Queensferry, Linlithgow and

Landward (all in West Lothian). Motherwell-Wishaw, East Kilbride,

Coatbridge, Hamilton and Airdrie (all in Lanarkshire) and some

communities in Midlothian such as Bonnyrigg-Lasswade. Of these

communities, particular attention was paid to Armadale. Data was

collected which illustrated the mortality, the morbidity, and the

social and demographic variables of the populations.

2.1.2.1 Mortality

2.1.2.1,1 Sources of data

In the Annual Reports of the Registrar General (RG) for Scotland,

deaths from various causes were collected as follows:

1961 - 1967 1968 - 1973
Causes of death tables tables

i) by numbers 56 C«2«7«f
C.2.16.

ii) by rates, — for Scotland 60 C«2«14«f C#2«2*7«

- for West Lothian &
small burghs

4,5,7,53 A«2*2»y C.2.15.

iii ) stillbirt i, perinatal &
infant mortality; by
numbers

A.2.2.

In the Annual Reports, the causes of death were coded according to the 7th

and 8th Revisions of the International Classification of Disease (i.C.D.) thus:
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I.C.D. coding

Causes of Death 7th Revision
1961-67

8th Revision
1968-74

all deaths — -

all malignancies 140-205 140-209

respiratory cancer,
- Scottish rates 162, 163 162

— burgh numbers 160 - 165 162

gastric cancer - 151

"all other cancer" 140-209
excluding 151,
162,174,180,
200-209.

ischaemic cardiac disease 420 410-414

cerebrovascular disease 330-334 430-438

hypertensive disease - 400-404

common respiratory infection
(including pneumonia,
bronchitis)

490-493
500-502

490-493,
480-486

There was a potential source of confusion arising from the I.C.D. coding

used by the Registrar General for Scotland for presenting data on mortality

from respiratory cancer. In this study, the "expected" deaths from

"respiratory cancer" in the burghs between 1;61 and 1967 were derived from

the Registrar General's rates for mortality from "respiratory cancer" in

Scotland. These rates were based solely on the deaths from primary

cancer of the trachea, bronchus and lung (I.C.D. 162, 163). On the other

hand, the numbers of deaths (i.e. the "observed" or actual deaths) from

"respiratory cancer" in the burghs during the same years included not only

those deaths coded I.C.D. 162, 163, but also the deaths from cancer of the
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facial sinuses and larynx (i.C.D. 160, 161) and from mediastinal

malignancies and secondary lung neoplasms (i.C.D. 164| 165)• Since

these "observed" and "expected" deaths for the burghs were vised in

calculating their SMRs for "respiratory cancer", the consequent values

of these SMRs from 1961 to 1967 were necessarily considered as high

estimates of the burghs* mortality from respiratory cancer during these

years, when compared both to Scottish experience from 1961 to 1974 and

to burgh experience after 1967*

There was another factor which also tended to exaggerate the SMRs

for respiratory cancer in the burghs during 1961-67 when compared to

1968—74. This factor was the change in the I.C.D, coding which was

introduced after 1967* During 1961-67, the category of "respiratory

cancer" included primary cancer not only in the trachea bronchus and

lung, but also in mediastinal sites; after 1967» by contrast,

"respiratory cancer" excluded the cancers in the mediastinum.

Hence because of these two factors associated with the presentation

of data in the Registrar General»s Reports, the SMRs (derived from

these data) for respiratory cancer in the burghs after 1967 necessarily

represented an underestimate of the mortality when compared with

preceding years.

With the other causes of death in the Registrar General's

publications, there were also changes in classification as a result of

the introduction of the 8th Revision of the I.C.D. code in 1968. Hence

difficulties were anticipated in drawing reliable conclusions from

a comparison of the relevant SMRs for 1961-67 with the
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corresponding SMRs for 1968 and later. nevertheless, provided the

artefactual effects of diagnostic fashions were remembered, — as in

hypertensive disease —, the burghs' SMRs for 1968 and later were

directly comparable with each other, as were those for the years

1961-67.

The mortality rates associated with birth and early childhood

■were investigated as possible indicators of environmental toxicity,

potentially relevant in the case of Armadale burgh.

The annual numbers of deaths attributed to all malignancies,

except those of the prostate and uterine cervix, were obtained also

from a count of the relevant death certificates for West Lothian

parishes; these certificates were examined in New Register House,

Edinburgh. For the deaths attributed to respiratory cancer, each

name and cause of death was cross-checked against names in the

following files: firstly, of the Regional Cancer Registry, Lothian

Health Board; secondly, (for Armadale deaths) of the Registrar

General's "registered" deaths for that cancer; and thirdly, when practicable,

of the Hospital Records Department of Bangour General Hospital, West

Lothian.

2.1.2.1.2 Mortality Rates and Ratios

Having been checked in this way, the mortality figures from the

Annual Reports of the Registrar General were then processed to yield

the following mortality rates:
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•/ i) Index Rate: this rate illustrates the degree to which the

population of a community is "at risk" from all causes of death

because of the proportion of that population which is in the vulnerable

age and sex groups (194). The Index Rate for each burgh in .'est Lothian

was calculated by obtaining the annual Crude Death Rate and Standardised

Death Rate for each burgh from the Annual Reports,and by then plotting

the regression lines derived from a comparison of these rates; for each

burgh, the intersect of the regression line with the axes approached

zero. For each burgh, the slope of the line representing its Index Rate

for I96l-71t was compared with the slopes for West Lothian and for

Scotland, - the latter necessarily being at an angle of 45 degrees. In

order to detect any changes in these burghs' recent history of mortality,

which were a consequence purely of alterations in their age-structure,

their Index Rates were calculated as a fraction of Scotland's (i.e. of

unity) for the years 1955-60* 1961-71* and 1972-73.*

ii) Proportional mortality: deaths from respiratory cancer in each

burgh were reckoned as a percentage of all deaths in people aged one year

and over. To obtain greater comparative analysis, the Armadale results

were calculated as percentages of the similar results for West Lothian.

iii) Crude death rate: deaths from respiratory cancer were

calculated per 1,000 of the population as estimated annually by the

Registrar General.

♦Considering Crude Death Rate (CDR), Standardised Death Rate (SDR), Index Death
Rate (IDR), National (i.e. Scottish) Death Rate (NDR), and Standardising
Factor (SF):-
CDR
SDR CDR x SF

CDR
(since SDR = CDR x SF), « ^
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iv) Control-town mortality ratio: the demographic and

socio-economic attributes of all West Lothian and Midlothian burghs

were examined: the relevant details were available in the 1961 and

1971 census publications. The burgh which most closely resembled

Armadale was found to be Bonnyrigg-Lasswade in Midlothian. For

these two burghs, the three-yearly "moving averages" of the Crude

Death Rates from respiratory cancer were calculated and contrasted;

those for Armadale were expressed as a percentage of those for

Bonnyrigg—Lasswade•

v) Standardised Mortality Ratio (3MR): demographic data for the

burghs were extracted from the census publications for 1961 and 1971•

For the 1966 census, Armadale, Bathgate and Whitburn had been

designated as Special Study Areas; so the demographic information

from this census, which was based for these Areas on 100$ samples of

the populations, was also used.

Populations for the intercensus years in Armadale were estimated

in two ways (54); a) by linear interpolation between 1961, 1966 and

1971 populations; b) by using the population-totals for the intercensus

years as estimated by the Registrar General, and then extrapolating from

1961 to 1965 and 1969, from 1966 to 1970, and from 1971 to 1974. Of

the resulting SMRs for respiratory cancer in Armadale (see Results

Table 2.1.3.3.), those which had been based on populations derived by

interpolation were slightly lower than those which were the consequence

of extrapolation. Hence as the bases for calculating all SMR3 for
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Anna-dale, Bathgate, and Whitburn, it was decided to use the estimates of

the annual intercensus populations which bad been obtained by-

interpolation between 1961, 1966 and 1971, and by extrapolation frora

1971 to 197For the other burghs, the populations for 1968 to 1974

-were estimated by extrapolation from 1971 •

By indirect standardisation based on annual Scottish experience,

the expected numbers of deaths from each relevant disease in each

community were calculated. The annual numbers observed were given

in the Annual Reports of the Registrar General for 1961 to 1973? for

1974, the observed numbers of cancers were those counted in the

register of deaths for that year. The ratio: Observed X 100
Expected

gave the 3MR (330). To facilitate statistical analysis, the numbers

of deaths during 1;,61-67 'were pooled, as were those during 1968—74

(or in some diseases, 1968—73); thus mean OMRs for those 7-year

(or j-year) periods were obtained. These periods were considered

appropriate for two reasons. Firstly, before 1968 all causes of

death were classified according to the 7th Revision of the I.C.D.,

whereas from 1968 onwards, the 8th Revision was used. Secondly,

with the reorganisation of local government in 1973, the boundaries

of the local administrative areas had been altered (West Lothian "lost"

the burgh of Bo'ness, for example); moreover after 1973 the Annual

Report of the Registrar General appeared in a revised format which

was useless for the epidemiological purposes of this study.

As part of a further analysis of respiratory cancer in Armadale,
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for 1971-1973 its annual SMR there wa3 calculated also on the basis of

the concurrent mortality in the population of the rest of West

Lothian.

2.1.2.2 Morbidity

With the co—operation of the Information Services Division of

the Common Services Agency, a list was prepared of the discharges

from, and deaths in, all hospitals within South Bast Scotland. These

deaths/discharges were for patients with cancer and other common

diseases as primary diagnosis during the years 1964—1974* From the

resulting computer print-out, information .-/as extracted about the

annual numbers, by age—group, by sex, and by parish-of-residence of

the deaths/discharges associated with respiratory cancer (of the

trachea, bronchus and lung: — I.C.D. 162.1). The deaths/discharges
were of residents from each of the lest Lothian parishes and from four

culturally-similar parishes in Midlothian, i.e. Inveresk, Lasswade,

Penicuik, and Dalkeith.

For the years between 1964 and 19741 an annual Comparative

Morbidity Ratio was calculated for Armadale parish. The annual numbers

of deaths/discharges associated with respiratory cancer for its

residents was expressed as a percentage of the numbers of similar

deaths/discharges of patients from the other Lothian parishes. The

Comparative Morbidity Ratios for the periods 1964-67 and 1968-74 in

Armadale were compared.
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Also from the data in the computer print-out, a Proportional

Morbidity Ratio 1968—74 for respiratory cancer in Armadale and in

the other parishes was calculated. The numbers of discharges/deaths
from respiratory cancer during these years were totalled for Armadale

and for the other parishes. Each of these totals was expressed as a

ratio of the discharges/deaths from myocardial disease (i.C.D. 410.9)

in the respective communities during the same period.

The annual Index of Diagnoses and Operations (Scottish Hospital

In—Patient Statistics, Scottish Office Computer Service) for Barigour

General Hospital was obtained for the years 1967—1974* The names of

patients with respiratory cancer from Armadale parish were collected.

The annual total numbers of the discharges/deaths of such patients from

Bangour Hospital were counted, as were the annual numbers of "first

discharges/deaths" (i.e. those patients whose names did not appear in

the preceding years).

2.1.2.3 Statistical analysis of mortality and morbidity data

To evaluate the statistical significance of the 7-year pooled SMR,

its standard error was calculated according to the formula:

Standard error = SMR ♦ /Wf where 3J is the observed
number of deaths in the burgh.

Twice the standard error of the mean SMR represented the approximate

95% confidence limits (203, 330).

'.fhen necessary, the statistical significance of the pooled SMR
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was verified by a more rigorous formula (203)
2

Chi-equare = Ot (0—E) ^ , where 0 :
E. Ot + E

number of deaths
observed locally,

Ot s number of deaths in
reference population
(i.e. Scotland),

E ; expected number of
deaths locally.

The numbers of deaths from respiratory cancer and from all

other diseases in Armadale between 1968 and 1973 were compared to

the numbers in the same categories of cause—of-death in the rest of

West Lothian, in all other Scottish Small Burghs, and in the rest

of Scotland. The differences in such proportional mortality were

tested for significance by the Chi-square test, with Yates' Correction.

This statistical procedure was also used in evaluating the comparative

mortality for other diseases, when appropriate.

The Relative Risk of dying from respiratory cancer in 1961-67

and 1968—73 in .Armadale was calculated with reference to the neighbouring

communities of West Lothian; for denominators, the total populations

(as in the 1961 or 1971 census) and the populations aged 45 ^d. over

were used. The 99'^ confidence limits for the Relative Risks were

obtained by the standard procedure (8).

The Cu—sum technique afforded a method for distinguishing those

alterations in incidence which correspond to a sudden "point" change

in trend from those corresponding to a gradual change. The annual

SMRs for respiratory cancer (1961—1974) in Armadale, Bathgate and

Whitburn were analysed by Cu-sum; "target value" of the 1961 31®

in each burgh was 100.
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For the morbidity data, the Chi-equare test (with Yates*

Correction) was used in the evaluation of the Comparative Morbidity

and Proportional Morbidity Ratios for respiratory cancer in

Armadale.

2.1.2.4 Survey of local Medical Services

The members of the Croup Practice of general practitioners

in Armadale wero requested to provide information about the extent

of patient-cover provided by their practices in Armadale, about

changes in the Practice's medical personnel since I960, and about

their referral practice for patients with chest disease.

Information about the medical staffing and facilities in Bangour

General Hospital during recent years was sought from the District

Medical Officer for Rest Lothian.

Rhen possible, the hospital records of the respiratory cancer

patients named on the death certificates for .Armadale parish during

1968—1974 were obtained from the Medical Records Department of Bangour

General Hospital. The diagnostic procedures used in etch case and

the final clinical diagnoses were noted.



Index Rates: slopes of the regression lines for the years

1955-1960 1961-1971 1972-1973

Armadale 0.7398 0.7423 0.90

Bathgate 0.8909 0.8590 0.8823

Linlithgow 0.9169 0.9386 0.9473

Queensferry 0.8746 0.8753 0.60

Whitburn 0.6416 0.6401 0.6667

West Lothian 0.8283 0.8503 1.0

Scotland 1.0 1.0 1.0

Table 2.1.3.1. The Index Rates for West Lothian communities during 1955—

1960, 196l—1971t and 1972—1973 (source as for Pig. 2.1.3.1*)* each rate
expressed as a decimal fraction of unity, i.e. of the Scottish Index Rate.

Fig. 2.1.3.1. Slopes illustrating the regression lines for the Index
Rates of Mortality in Scotland, West Lothian and some small burghs in
West Lothian, 1961—1971 (derived from the annual crude and standardized
death rates, Annual Reports of the Registrar General for Scotland).
The pair of crosses on each line denotes the limits of the variation of
the death rates between 1961 and 1971 in each community.



CRUDE DEATH RATES per 1000 popln .W.L Small Burghs
(ARRG tables 4+5,7,1,P2.2+II A.2.2J

Fig. 2.1.3.2. Crude Death Rates for lest Lothian and its small burghs,

1955-1973» "the numbers of deaths in 1973 are also shown. (Source: Annual
Reports of the Registrar General for Scotland).

Fig. 2.1.3.3. Standardised Death Rates for the same communities as were

shown in Fig. 2.1.3.2. (Source as for Fig. 2.1.3.1.).



2.1.3 RESULTS

2.1.3.1 Mortality and Morbidity

There were no boundary-changes for the burghs of Armadale^

Bathgate, Whitburn, Linlithgow or Queensferry between the census

years 1961 and 1971*

The slope of the line which illustrated the Index Rate for

Armadale during 1961-71 was less steep than the slopes of the

comparable lines for Scotland, for 'Jest Lothian and for the other

burghs except ihitburn (Fig. 2.1.3.1«). However, the population

of Armadale during the early 1970s became more "at risk" of dying

than during the preceding years (Table 2.1.3.1.): during the

1970s its Index Rate approached the Rates for West Lothian and

Scotland. In Bathgate during the 1960s and in Queensferry during

the early 1970s, the effects on the Index Rates were seen of the

immigration of a large number of younger people. Those going to

Bathgate were probably attracted by the expansion of the motor

industry there, while the migrants to Queensferry were those

Edinburgh-bound commuters who moved into the new housing developments

towards the end of the 1960s. The favourable slope of the regression

line for Whitburn during the 1960s was attributable to the influx of

Glasgow overspill families during that period (see Appendix, 3.2.1.

and 3*2.2.1.).

The variation in the annual Crude (Fig. 2.1.3.2.) and Standardised

('Pig. 2.1.3.3.) Death Rates for each Jest Lothian burgh during 1961—73
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WEST LOTHIAN S. BURGHS All cancer deaths, SMR v. Scotland
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Fig* 2.1*3*6. Annual Standardised Mortality Ratios (SMRs) for all
malignancies in burghs during 1961—74; 100 represents the corresponding
annual SMR for Scotland*



was determined largely "by the size of population and the annual

number of deaths. As expected, the larger the community the more

stable ,as its annual death rate. Strikingly, however, the Crude

Death Rate for Armadale was distinctly above the Rates of the other

burghs, - transiently in 1962 and 1963, but persistently from 1968

to 1973* In the Standardised Death Rate3, Armadale's deviation was

enhanced. By contrast, although the annual Crude Death Rates for

ihitburn were consistently low, the corresponding Standardised Death

Rates indicated that the apparent health-advantage there was

illusory, reflecting only the relatively large component of younger

people in its population.

Amongst the Crude Death Rates for all malignancies (Pig.2.1,3«4)

and for deaths from common respiratory infections (Pig.2.1.3*5*),

the rates for Armadale were again high, relative to the other burghs

of West Lothian, during the latter part of the 1960s and the early

1970s. The abnormality was most apparent for malignancies. There

was also a peak in the mortality from respiratory infection in 1963#

Of the other burghs, Queensferry had a dramatic peak in its malignancy

rates in 1964 and 1965, but this peak corresponded to caily 9 and 14

annual deaths respectively.

The trends of the annual SMRs for all cancers in the burghs

(Fig. 2.1.3.6.) accompanied the trends of their corresponding Crude

Death Rates (Fig. 2.1.3.4»)»

Changes in. the classification of respiratory cancer by I.C.D.



YEARS

1961

-62

-63

-64

-65

-66

-67

-68

-69

-70

-71

-72

-73

-74

(a)Mortality Numbers Armadale Burgh

2

1

5

3

2

1

2

7

7

8

7

7

10

ArmadaleDeath Certificates

1

2

2

2

0

1

2

7

7

8

7

6

9

9

ArmadaleDeath Registrations

1

2

2

2

0

1

3

6

6

8

7

6

9

7

WestLothian I#C«D.7threv.
20

24

39

39

51

41

45

-

I.C«D«8threv.
-

-

(34)

(34)

(42)

(33)

(42)

68

55

73

54

59

64

-

(byMorbidity Numbers
(inArmadaleParish) -ofdeaths/dischargesin 3#E,ScottishHospitals

3

5

3

6

21

18

14

12

13

8

14

similarlyin
BangourGeneralHospital.

4

13

9

12

11

12

6

12

-ofnewcasesin BangourGeneralHospital

4

10

7

9

5

7

4

8

-ofdeaths/dischargesin S.E.ScottishHospitalsof patientsfromotherWest Lothianand6Midlothian Parishes

139

161

121

185

191

197

210

186

171

236

205

Table2.1.3.2.MortalityaridmorbidityfromrespiratorycancerinArmadaleandWestLothian 1961-1974;(sources:numbersofdeathsinArmadaleburghandWestLothian—AnnualReports oftheRegistrarGeneral;deathcertificatesinArmadaleparish-NewRegisterHouse, Edinburgh;deathsregisteredforArmadaleparish-LothianRegionCancerRegistry,Edinburgh; sourcesofhospitalmorbidityasdescribedinMethods2.1.2.3.)«
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Fig. 2«1,3.7«(a). Armadale: various annual rates for respiratory cancer -

(i) crude death rate (C.D.R.), (ii) SMR, based on Scottish or •'■res't Lothian
experience, (iii) hospital discharge rate, Armadale as % of other Lothian
parishes, (iv) proportional mortality (Armadale ratio as % of W. Lothian
ratio)f (v) 3-yearly C.D.R., (Armadale C.D.R. as Bannyrigg/Lasswade C.D.R.),
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code were initiated in 1968 (see Methods 2.1.2.1.1•)• These

changes, however, were clearly not responsible for the increased

numbers of deaths from respiratory cancer which were noted in

Armadale from 1968 onwards by the Registrar General (Table 2.1.3.2 •)•

For example, when the cases of 1963-67 in West Lothian were

reclassified according to the criteria used after 1967» smaller

numbers were obtained for each of these years.

According to disparate sources of data, the annual numbers of

cases of respiratory cancer in the Armadale population rose clearly

from 1967-68 onwards (Table 2.1.3*2.). This rise was seen in both

mortality and morbidity. contrast, the numbers of deaths and

of hospital cases from other Lothian communities did not increase

markedly then. Because of this contrast, the trend in the Armadale

numbers was again shown to be not attributable to the I.C.D. change

in 1968.

The incidence rates for respiratory cancer (Fig.2.1.3.7.a.)

were derived from the numbers in Table 2.1.3.2. For each rate, the

incidence of respiratory cancer in Armadale increased in 1967-68 and

remained high thereafter. When Armadale's SMRs for the years

1971—73 were based on other West Lothian experience rather than on

Scottish experience, their abnormality became even more striking.

Compared to the "control" town of Bonnyrigg-Lasswade, the mortality

from respiratory cancer in Armadale was considerably lower before 1967

and considerably higher thereafter.



YEARS 1961 —62 -63 -64 -65 -66 -67 -68 -69 -70 -71 -72 -73 -74

(a)inter-
polation (71) 33 155 89 57 28 53 179 172 183 (158) - - -

(b)extra¬
polation
from 1961

- 33 155 90 58 - - - 195 - - - - -

from 1966 - 54 181 185 181 - - - -

from 1971 — 154 214 183

Table 2.1.3.3. Armadale burgh: annual Standardized Mortality Ratios (SMRs) for

respiratory cancer, based on Scottish experience. The annual SMRs were derived
from intercensus populations of the burgh estimated (a) by linear interpolation
between the census populations for 1961, 1966 and 1971» or (b) by extrapolation
(annually pro-rata) from each of the census populations.

YEARS 1961 -62 -63 —64 -65 -66 -67 -68 -69 -70 -71 -72 -73

Respiratory
Cancer 71 33 155 89 57 28 53 179 172 183 158 154 214

Bronchitis-
Pneumonia etc 143 64 180 89 80 54 158 81 153 139 131 141 102

Ischaemic
Heart Disease 139 147 145 81 110 137 125 100 142 82 126 111 160

Cerebrovasc¬
ular Disease 90 133 108 —. 00| 92 113 82 124 92 126 165 164 114

Table 2.1.3.4. Armadale burgh: annual SMRs for some common causes of death,

1561—1973. (The I.C.D. codes of these diseases are given in Methods 2.1.2.1.1.).



Pig* 2»1»3*7*(b) Armadale: annual 3MRst 1961—1973, far respiratory
cancer and for respiratory infection (bronchitis A pneumonia).

n = 9
280

260

240

220

200

180

160

140

120

100

80

60

40

20

n =16

n = 55

$ 68-74
(uncorrected)

—i—i—r
1959 59 60 61

I I i

62 63 64 65 66 67
YEAR

68 69 70 71 72 73 74

A
I.CD. CHANGE

I
REGIONALIZATION

Pig* 2*1*3*8* Armadale: (i) mean SMRs, with 95% confidence limits,
(i*e* 2 x Standard Error of means), for respiratory cancer during the
periods 1961-67 and 1968—74; (ii) the numbers of deaths during these
periods; (iii) the SMR for respiratory cancer in females during the
latter period (death certificate data).
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The annual Crude Death Rate for respiratory cancer in

Armadale was correlated significantly with the annual SMR, the

annual Proportional Mortality Rate and the annual Comparative

Morbidity Ratio. The use of different methods for estimating

the intercensus populations of Armadale made little difference

to the resulting values of its annual SMR for respiratory cancer

(Table 2.1.3.3.)• Of these methods, the one based on

interpolation between census years 1961, 1966 and 1971 provided

values which were marginally conservative when compared to those

based on extrapolation.

Amongst the annual SMRs for the common causes of death in

Armadale, the time-trend of those for respiratory cancer was

unique for the whole period 1961—73 (Table 2.1.3.4.)• The

correlation of respiratory cancer with common respiratory infection

was curious, however, if the trends of these SMRs were considered

before and after 1967-68 (Fig.2.1.3.7.b. )• Peer the whole period

1961-73, the correlation coefficient was weakly positive (+0.4109).

However, for 1961-67 it was strongly positive (+0.7256), while for

1967—73 it was negative (-0.5907).

According to data in the Registrar General's Annual Reports,

the mortality rates associated with birth and early childhood in

.Armadale were not higher than those for Rest Lothian. Thus during

1967—72, there were 11,960 total births in West Lothian, of which

965 (0J5) were in Armadale. During the same period there were 200

stillbirths and 64 deaths from congenital abnormalities in West
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Fig* 2.1.3.9. Armadale: mean SMRs. with 95/£ confidence limits, for

various common causes of death during the periods shown. The numbers

of deaths during each period are also shown.
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Lothian, of which 13 (6.5') and 6 (9a) respectively were in

Armadale.

2.1.3.2 Statistical Analysis of the excess Incidence of

respiratory Cancer in Armadale

In Armadale the mean SMR for respiratory cancer increased "by a

factor of 2.6 between 1961-67 and 1968—74» i.e. from 68.7 to 177*8

(Fig. 2.1.3.8.). There was a statistically significant discrepancy

between the mean Armadale SMR for the latter period and the concurrent

Scottish SI®. In the earlier period, Armadale's experience was

considerably better than the Scottish one, although this difference

'was not statistically significant.

During the period 1968-71, primary respiratory cancer appeared as

cause of death on 9 female death certificates with Armadale addresses;

according to Scottish experience for women, the "expected" figure was

5.226. The resulting SMR for respiratory cancer in women of Armadale

was 172. Because of the small numbers, however, this SMR was not

significantly different from that for Scotland.

The pooled mean SMRs for all major causes of death in Armadale

were abnormally high during the late 1960s and early 1970s

(Fig. 2.1.3.9*)• The 95a confidence limits were transgressed

unfavourably with the causes of death associated with the

cardiovascular system. With the myocardial and cerebrovascular

categories, the transgressions were marginal. With hypertension,



(a)
COMPARATIVE RATIO

♦Discharges/deaths in S.E. '
Scottish Hospitals

i Chi-square i ,pt
RESPIRATORY CANCER

1964-1967 ' 1968-1974
statistics value

Armadale parish 17 100 12.44 <0.0005
Other parishes 606 1,396

(b)
PROPORTIONAL

Discharges/deaths in S.E.
Scottish Hospitals

Chi-square •p*
RATIO, 1968-74

* Respiratory
cancer

Myocardial
disease

statistics value

Armadale parish 100 119 23.13 <0.0005
Bther parishes 1,396 3,246

Table 2.1.3.6 Statistical evaluation of the morbidity from respiratory
cancer in Armadale, compared to that in other parishes of West Lothian
and in 6 Midlothian parishes: (a) Comparative ratio, and (b) Proportional
ratio. (Source of morbidity data: Information Services Division,
Common Services Agency).
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ho.-/ever, the excess was remarkable; nevertheless the numbers

involved were few, and this cause of death is notorious for its

association with problems of diagnostic classification.

The excessive incidence of respiratory cancer in Armadale was

again evaluated statistically, by contrasting its proportional

mortality there with that in the rest of West Lothian, in the other

Small Burghs of Scotland, and in the rest of Scotland (Table 2.1.3«5.a

The statistical significance of the high incidence in Armadale was

maximal in the comparison with that in the population of the other

Scottish Small Bvrghs. The abnormal! high incidence in Armadale

was also confirmed in the contrast with the incidence in the rest

of West Lothian and in the rest of Scotland.

The Relative Risk of death from respiratory cancer during 1968—74

in the population of Armadale burgh was derived from a statistical

comparison between the mortality rate there and the rates in the

neighbouring burghs of Bathgate, Whitburn and Linlithgow

(Table 2.1.3.5»b.). In all such comparisons the Relative Risk for

Armadale was convincingly high. This discrepancy was absent, however

when some of the corresponding Relative Risks iwere calculated for the

years 1961-67.

In the Comparative and Proportional Morbidity ratios for

respiratory cancer in Armadale (Table 2.1.3.6.), there was additional

evidence of a statistically significant excess of this disease during

1968—74* but not during the preceding years (1964-67).
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In none of the three adjacent "burghs of Bathgate and

hitburn (1961-74) and of Linlithgow (1968—73) did the annual

SMRs for respiratory cancer resemble those of Armadale in either

their trend or their excess (Pig.2.1.3*10.a.). The Cu-eum line

for the annual STIR for respirators'- cancer in Armadale diverged

sharply and clearly after 1968 from those lines for 3athgate and

Whitburn (Fig.2.1.3»10.b.)• Moreover, the change in Armadale's

line was consistent with a sudden increase in mortality in 1967-68,

the changed rate then having been maintained in the subsequent

years; it was not the pattern, of a gradually—evolving change in

trend.

2.1.3.3. The Medical Facilities available to Armadale Patients

General practice was considered first. According to the

County Report for- /est Lothian 1970 ( 295)* "with a 1968 population

of 9063, Armadale's five doctors render the settlement relatively

well—provided on the basis of one doctor per 2500 population;......

.... Armadale has one health centre". In a letter from one of the

family doctors in its group practice, Armadale's general practice

was described as having been "extremely stable since I960. One

partner left in the late 1960s and we took in two new partners in

1968 and they have been with us until now. Basically the practice

core has been of five doctors who have been here at least 8 years.

Three of that five have been here for nearly twenty five years ....

Certainly in excess of 90T of the patients in the town are on our

list" (284).



Numbers
of deaths

diagnosed
respiratory
cancer

Death certificate diagnosis later —

disproved
or not
confirmed

' confirmed by hospital staff:

only
clinic¬

ally
and by
X-ray

also by
sputum
cytology
or

direct
obser¬
vation

also by
other
histol¬

ogy

also by
autopsy

Armadale
1968-74 57 6 8 11 17 15

Scotland

1968-74 20,729 3097

Table 2,1.3.7 Armadale parish: the medical evidence for the diagrOsis
of respiratory cancer in residents during the years 1968-1974» The
numbers of such cases in Scotland during 1968—1973* and of those which
were confirmed by autopsy, are also given.
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Hospital facilities were then considered. In the recent

decades, Armadale patients with serious illnesses have been referred

to the local hospital, Bangour General Hospital, which is sited

about 6 miles to the east of the town. There has been a medical

unit there specialising in chest disease for many years. The

chest physician, Dr. K. Murray, has been associated with the unit

since 1951» and has been consultant-in-charge since February 1966.

The diagnosis of respiratory cancer for Armadale patients was

based generally on the clinical judgement of more than one doctor

(Table 2.1.3.7.)• Jith most patients, the clinical judgement was

supported by radiological and cytological evidence. Frequently

the reports from histological, bronchoscopic and operational

investigations were available. The proportion of the deaths

clinically attributed to respiratory cancer, where the diagnosis

was subsequently confirmed by autopsy, was greater for Armadale

during 1968—71 (26'/) than for the whole of Scotland during 1968—73

(15/ )• Ih only 5 of the 56 Armadale deaths was the clinical

diagnosis of respiratory cancer, which appeared on the death

certificates during 1968—74» refuted by subsequent findings. The

revised causes of death were pneumonia, reticulo-endothelial

cancer, gastric cancer, renal cancer and testicular cancer. The

medical record could not be traced for one Armadale resident, upon

whose death certificate the cause of death had been entered as

respiratory cancer.
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2.1.4. DISCUSSION OP FINDINGS

2.1.4.1 Problems ox Disease nomenclature

The problem of the compatability of disease nomenclature and

classification between the 7th and 8th Revisions of the I.C.D, has

been discussed (see Methods 2.1.2.1.). With "respiratory cancer",

the 7th Revision's category comprised cancer of more sites in the

respiratory system than were included in the 8th Revision's category.

Hence the numbers of deaths from "respiratory cancer" recorded by

the Registrar General in the years 1968—73 were considered an

underestimate when compared to the totals for the preceding years.

Because of the consequent conservative bias, the increment in the

incidence of respiratory cancer in Armadale between 1961-67 and

1968—73 was considered valid.

With causes of death such as myocardial disease (367» 368) the

comparability of the categories in the 7th and 8th Revisions is

dubious. Hence such comparisons were not pursued in the present

study.

2.1. .2 Numerator Bata

There was a concordance in the trends of the annual cases of,

and deaths from, respiratory cancer, which were obtained from disparate

sources of information (Table 2.1.3.2.). This finding effectively

eliminated the possibility that the excessive incidence of the cancer

in Armadale was attributable to clerical error. In no other

communities were there similar trends with time.
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The possibility of diagnostic error was also considered.

During the earlier decades of the present century, many cases of

respiratory cancer were ascribed to other causes of death such as

lymphosarcoma, pneumonia and tuberculosis (30, 69, 70, 153, 265,

386, 387, 390). But in recent studies the clinical diagnoses

on death certificates were checked against the findings of

well-established and well-proven diagnostic techniques such as

radiology, bronchoscopy, cytology, and autopsy (25, 291, 308).

The studies showed that there was a small but consistent net

underestimate of the incidence of respiratory cancer (37, 83,329, 439),

which was not influenced by the age or sex of the patient (183,310).

In Armadale, most patients dying from respiratory cancer between

1968 and 1974 received adequate diagnostic attention. (Table 2.1.3«7«)»

Doctors* awareness of risk-factors for cancer in patients may

predispose to a biased diagnosis in some circumstances (66)

although not invariably (141)• But so far as the victims of

respiratory cancer in Armadale were concerned,neither the local

general practitioners nor the clinicians in the local general

hospital were aware of the high incidence of this neoplasm in the

burgh.

A related reason for discounting diagnostic artefact in the

Armadale epidemic of respiratory cancer was the relative uniformity

of the medical facilities available to the patients (270). Almost

all the inhabitants of Armadale received medical care from the

general practitioners of its single group—practice, in which there

had been little change of personnel since the early 1960s.
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Consequently, since the population of Armadale was also stable

(295)» the epidemiological problem of selective migration of

patients from one practice list to another list (373) — where

the type of medical attention might differ - did not arise.

Moreover all Armadale patients who required further investigations

were referred by their general practitioners to the local general

hospital for West Lothian i.e. Bangour Hospital. There the

medical facilities and supervisory medical personnel involved

in the management of chest disease were well—established.

2.1.4.3 Denominat or Pata

In many communities there is considerable mobility of the

inhabitants* places of residence. This mobility may be centrally-

organised — as with the "overspill" and "redevelopment" housing

programmes in Whitburn and Bathgate respectively (295); or it

may be less planned — as with the migrations into Queensferry and

Linlithgow, which were related to individuals* problems with

employment (295)* ln such mobile communities, changes might be

anticipated in the disease-related demographic components of their

populations. For example, components of their populations such

as age, sex, social class, or occupation might change qualitatively

and quantitatively (426). Thus changes in these communities'

mortality and morbidity might appear which were solely an artefact

of the changed population—base there (270).

In the case of Armadale (295) there were few centrally—organised
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migrations, other than that from rural areas to the south-eastern

part of the town which lay outside the boundary of the burgh

(see later, Results 2.4.3.). The relative demographic stability

of the burgh's population was demonstr-ated in the census

publications for 1961 and 1971 (Appendix 3.2.2.1.) and in its

index rates since 1955 (Results 2.1.3.1.)•

Changes in burgh boundaries between census years can alter

the quality and quantity of the population in the affected

burghs. According to data in the relevant census publications,

there were no such boundary-changes between 1961 and 1971 for

the West Lothian burghs in which mortality was investigated in

the present study.

2.1.4.4. Statistical Evaluation of Rates and Ratios

Provided that the distribution of mortality in the age and

sex groups of a population is usual (43), the SMR is acceptable

as a general index of mortality there (167, 168, 330). By

constructing the 95% confidence limits — i.e. twice the standard

error — of the SMR, allowances can be made for statistical

instability resulting from the relatively few deaths taking place

annually in small communities (167» 201, 203, 331).

Furthermore the Chi-squared test can be applied to tables of

relative risk of mortality, of proportional mortality and morbidity,

and of comparative morbidity in a community.
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These statistical techniques were applied to the analysis

of the incidence of respiratory cancer in Armadale (Results 2.1.3.2.,

Tables 2.1.3.5* and 2.1.3*6.). The excessive incidence during

1968—74 "fas shown to be statistically significant, irrespective of

the choice of numerator and denominator. The level of significance

was usually greater when Armadale was contrasted with comparable

communities - for example, other Lothian parishes, other Small

Burghs of Scotland, and neighbouring Small Burghs - than when the

comparison was with the totality of Scottish experience of

respiratory cancer, which included the contributions of the large

cities.

Amongst small communities in Central Scotland, including the

small burghs in the Lothians, a positive correlation has been

demonstrated between the male SMRs for respiratory cancer and

those for bronchitis (79); in that investigation, the mortality

from these diseases was calculated as a mean 3MR for a period of

years. In the present study, there was a positive correlation

between the annual SMRs for respiratory cancer and the annual

SMRs for respiratory infection (including bronchitis) in

Armadale, — but only for the years between 1961 and 1967

(Results 2.1.3.1.). For the similar period of time, 1967-1973,

the correlation was negative (Fig. 2.1.3*7*b.). It has been

suggested that there may be a weak casual connection between

respiratory cancer and respiratory infection (17, 78, 91, 115,

117, 118, 240, 276, 386, 431)• If so, it is possible that

this weak connection might have been illustrated in Armadale
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until 1967, when the effects of a more powerful environmental

carcinogen became evident. Alternatively this finding may have

been merely an artefact of the changed I.C.D. coding for disease

which was introduced in 1968.

Nevertheless it is arguable that the striking shape of the

Cu-eum for respiratory cancer in Armadale (Pig. 2.1.3.10.b)

could be interpreted only as illustrating a situation where a

relatively potent carcinogen had been introduced into that

community shortly before 1967. Por a carcinogen which was

weak or which had been introduced many years before 1967 would have

been associated with considerable biological variability in the

onset of the carcinogenic response of the exposed population:

a gradual change in trend would have been demonstrable, rather

than the "point-change" seen in Armadale in 1967. Jhile

apparently conflicting with the generally-held view of a

"lag—phase" in respiratory cancer of around 20 years, the present

findings were compatible with the concept of a very brief

"lag—phase" in a "susceptible" population (see Introduction 1.1).

In such a population, the "carcinogen" merely connects

decades—long sequences of pre—neoplastic events in respiratory

tissues with the final stage of overt cancer (15» 350? 390).

The elevated SMRs for the other major causes of death in

Armadale (Fig. 2.1.3.9.) were relevant to the problem of respiratory

cancer there in rendering more implausible the hypothesis that it

was a switch in diagnostic fashion that resulted in the epidemic
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of respiratory cancer.

Some carcinogens may be implicated in the aetiology of

congenital malformations (5,26, 123, 208). But between 1967

and 1972 the stillbirth rate and mortality from congenital

abnormalities in Armadale were not excessive when compared

with the rest of West Lothian (Results 2.1.3»1.), although

the numbers involved were too small for statistical analysis.
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2.2 THE epIDEM10LOGY OF RESPIRATORY CAITC-BR ilTHBI QUE

shall community

2.2.1 INTRODUGTION

An excessive incidence of respiratory cancer in the

population of Armadale was diagnosed (Results 2.1.3.)• The

cause of this excess required investigation and elucidation.

To further these aims, the various social attributes of

each victim of respiratory cancer in Armadale were investigated

and compared with those of the other residents who had escaped

this fate. The obvious attributes for study included the

age-group, sex, occupation, and smoking-habit of the individual.

Sources of information included the mortality and the morbidity

data described earlier (Methods 2.1.2.).

2.2.2 METHODS

Personal and social characteristics were studied of the

cancer victims for 1961-74 in Armadale and other communities.

Several sources of information were consulted.

Details supplementing the information on the death certificates

(see Methods 2.1.2.) were obtained from the family doctors' death

forms kept in the Health Offices of West Lothian District. Details

of interest in these documents included primary cause of death,

usual place of residence, occupation, occupation of father, and

place of birth.
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In the computer print-out provided by the Common Services

Agency (see Methods 2.1.2.), an analysis was provided of the mean,

median and modal ages of the annual patient-discharges by parish,

and of their occupational category.

With most of the victims of respiratory cancer in Armadale,

the hospital records contained details of previous addresses and

occupations, histology and autopsy reports, histories of smoking,

snd names of family doctors. In the Pathology Department of

Bangour General Hospital, records of all autopsies performed there

from 1964 onwards were examined. Details of the sites and

histological types of respiratory cancer in Armadale patients were

compared with those of other victims of respiratory cancer from

neighbouring communities.

General practitioners provided additional information, for

example, on the smoking histories and previous residences of their

patients.

A review of cigarette sales in Armadale since i960 was provided

by the Personnel Manager of the Armadale branch of the West Lothian

Co—operative Society.

A list of industrial and occupational activities in Armadale

was supplied by the local Environmental Health Officer, and

supplemented by information from the Health and Safety Executive

of the Employment Medical Advisory Service. The recent history



Age

Communities Mean Standard
Deviation

Lumbers «*t»
Value

Whether significant
at 95% confidence
limits

Armadale deaths 67.57 9.887 52

VJhitb ./Bathg./
Linlith./deaths

64.60 9.922 129 1.837 no

Armadale patients 65.27 8.764 100

Other Lothian
patients

62.41 9.756 1,496 0.5345 no

Table 2.2.3.1. Age-related, statistics for mortality and hospital

morbidity from respiratory cancer, 1968—74, in the residents of
Armadale and of adjacent communities. (Sources of data for mortality
and morbidity were respectively death certificates by parish, and

death/discharges from hospitals in South—east Scotland, also by parish).

1964 -65 -66 -67 -68 -69 -70 -71 -72 -73

. Armadale ages — mean 55 64 63 60 66 67 66 57 66 68

— median 48 53 58 58 65 65 66 59 66 69

I Other Lothian — mean 61 61 61 63 63 62 62 61 63 63
ages

— median 62

—

62 60 62 63 63 63 63 64 64

Table 2.2.3.2. Annual mean and medial* ages of patient-discharges/deaths
for lung cancer, for residents in Armadale and in other Lothian parishes,

1964-74; (s.E. Scottish Hospitals data).
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of the coalmining industry in Armadale ./as obtained from the

Public Relations Offices, National Coal Board, Edinburgh,

2.2,3 RESULTS

mmmAjjjJ®

Prom the death certificates for Armadale 1968—74, 53 cases

of respiratory cancer were collected. In these cases, the diagnosis

and the history of several years residence in that town before

death were supported by information in hospital records.

The mean and standard deviation of the age-at-death of such

patients was calculated (Table 2.2.3.1.) and then compared with those

age—parameters for similar cases drawn from the death certificates

of Bathgate, Whitburn and Linlithgow during the same period. When

the age-statistics for Armadale residents were compared with those

for the other populations by the "t" — test, no significant

difference was found.

Also in Table 2.2.3.1. can be seen the pooled annual statistics

for the ages of respiratory cancer patients discharged from

(or dying in) South-east Scottish hospitals during 1968—74, The

mean age of Armadale's patients was compared with that of a

community composed of the populations of six Midlothian parishes

and the rest of Jest Lothian. Firstly the comparability of the

variances ("7") of these two mean ages was ascertained by the
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Fig. 2.2.3.1.(a). Male age—specific death rates for respiratory cancer in

Armadale residents during 1968—74® The numbers of deaths in each age-group

are also sho^m. (Source: death certificates for Armadale parish).

sal* Death rates as for "but expressed as a ratio of male

age-specific death rates for Scotland in 1971» (Annual Reports

of the Registrar General for Scotland).

lcj>. Data as in 1*2., but segregated into the years 1968—71 and 1972—74.
»

1*2. Data in 1°2«» arranged as a ratio: 1972-74i- 1968-71 •
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F—test: (V, other Lothian V, Armadale = 1.239; n = 5 x 6;

critical value for F = 4.28). l*Jhen evaluated by the "t" — test,

the mean ages of these two groups of patient-discharges were

not significantly different.

The male deaths from respiratory cancer in Armadale were

examined by age-^group (Fig. 2.2.3.1.f a. and b.). It was clear

that these victims did not belong to unusual age—groups, although

rather more were slightly older than would have been expected

from Scottish experience. Hence it was amongst those age—groups

of men normally most at risk that the excess deaths in Armadale

were found.

The male age—related data for 1968—74 were then segregated

into the periods 1968-71 and 1972—74 (Fig. 2.2.3.1., c. and d.).

All male age-groups in Armadale experienced a higher incidence

of respiratory cancer during the later of the two periods*

although the increment was greater in the older age—groups. A

slightly-increased vulnerability to respiratory cancer was also

illustrated in the upward shift in 1968 of the age-parameters

for Arraadale*3 annual morbidity data (Table 2.2.3.2.). There

was no sign, however, of a pure cohort effect in either

morbidity or mortality.

2.2.3.2. Sex

The mean SMR for female respiratory cancer in Armadale

1968—74 was high (see Results 2.1.3.2.). The incidence of this



(a) 1961-67 1968-74 —fold increase

Armadale female resp. ca. deaths 1 9 9
" " other cancer " 12 47 3.9

" male resp. cancer " 8 44 5.5

00 resp. ca. other ca.
resp. ca. as

/S of total

Armadale female deaths 1968-74 9 47 19

Bathg./Whitb./Linl. female
deaths 1968-74 15 166 9

(0) female male
female as

fo of male

Armadale deaths, resp. cancer
1968-74

Bathg./Uhitb./Linl. deaths from
respiratory cancer 1968-74

9

15

44

114

20

13

Table 2.2.3.3. Deaths from respiratory and other cancer, males and

females, in Armadale parish 1961—67 and 1968-74» and in the combined
parishes of Bathgate, Whitburn and Linlithgow, 1968-74? (source of data
parish death certificates).

i)

ii)
iii)
iv)
v)
vi)

Coal mines: 0 open; 1 pit closed in 1965 (250 workers);
1 pit closed in 1952 (50 workers).

vii) Garage/Petrel Stations: 4.

viii) Warehouses: 2.

ix)

1.Steel Foundries:

Brick Works: 1.

Clothing Factories: 1.
Small Workshops: 7«

Various Depots: 3.

Miscellaneous, incl. butcher,
cobbler, shop, haulage
contractor: 4.

Table 2.2,3.4* Industries in Armadale; (from data supplied by the
Environmental Health Officer in Whitburn and by the Public Relations

Department of the National Coal Board, Edinburgh).
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cancer in females there rose dramatically between 1961-67 and

1968—74» the proportional increase being even greater than

that for male respiratory cancer (Table 2*2*3*3*a.)* When

compared with the situation in neighbouring small burghs,

this rise in female cases was demonstrable firstly in its

larger proportion of the mortality from all cancers in females

(Table 2*2*3*3*b.)f and secondly by the increased female/male
ratio for respiratory cancer during 1968—74 (Table 2*2*3*3*c»).

Because of the small numbers, however, statistical significance

at the 95$ level was not demonstrable for these increases, when

the Chi-square test was used.

2*2*3*3* Occupation

Of the factories present in Armadale (Table 2*2*3*4*) only

the steel foundry and the brickworks fell into the category

of Heavy Industry. The coalmining industry, which had been in

decline in .Armadale since after the Second World War, finally

became defunct in 1965* No new mine—shafts had been started

within recent history.

Compared with other workers, the employees of the Bteel

foundry did not die from respiratory cancer more frequently than

from other cancers (Table 2.2.3.5*)• Nor did deaths from

respiratory cancer in steelworkers increase significantly

relative to deaths from other cancer between 1961-67 and 1968-74*



(a) Respiratory
Cancer

Other
Cancer

Chi-

square

"p"
value

Cancer in foundry workers 1968—74 7 7 0.0037 <0.97

Cancer in other male workers 1968—
1974

39 34

00 1961-67 1968-74

Respiratory cancer in foundry
workers

1 7
wmmm

Other cancer in foundry workers 2 7

Table 2.2«3»5» Mortality by occupation of deceased in Armadale:

(a) mortality from respiratory and other cancer (1968-74) in foundry-
workers compared to that mortality in other male workers;

(b) the same mortality in foundry—workers (1968—74) compared to that
in previous years (1961-67)* (Source: death certificates).

1961-67 1968-74 Chi-

square
"p"
value

Deaths from respiratory
cancer : miners 2 17 0.0638 <0.90

: other males 6 29

Miners: deaths from respiratory
cancer

: deaths from other causes

2

45

17

89

3.1374 <0.10

Deaths from resp. ca«: father a
miner

: father not
a miner

8

2

30

23

1.068 <0.40

All non-cancer deaths: father a

miner
162 292

| : father not
a miner

160 320

Table 2.2.3*6. Mortality in Armadale residents whose occupation was

related to coalmining (mainly unspecified and underground, rarely surface
and supervisory workers). (Source: death certificates).
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1964-67 1968-74

Hospital discharges/deaths: foundry—workers 0 4

: coalrainers 6 24

: all other males 11 53

Table 2.2#3#7» Hospital Survey: discharges/deaths of Armadale

residents with respiratory cancer, from South-east Scottish Hospitals,

hy occupation# (Source: South-east Scottish Hospitals data).
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The recent excessive death rate from lung cancer was not

associated with a statistically-significant increase in

mortality amongst employees in the coal industry, nor of their

families (Table 2.2.3,6.).

Amongst workers at the brick factory in Armadale, there

was cme death from respiratory cancer in 1963 and one death in

1972.

Between 1961 and 1974 there were no deaths from any cancer

recorded in the death certificates for Armadale parish where the

occupation of the deceased was related to the shale—oil industry.

In the morbidity data concerning the occupations of Armadale

patients of the regional hospitals with a diagnosis of respiratory

cancer (Table 2.2.3«7»)» there was no evidence of a recently-

enhanced susceptibility to this disease amongst steelworkers or

coalminers there.

2.2.2.4. Place of Birth

Death forms for the 15 months from January 1973 were consulted

in the files of the District Medical Officer of West Lothian. It

was found that the forms for deaths from malignancies had been

extracted from the files and were missing. Of the 161 remaining

forms for adult deaths, the place-of-birth details were as follows:

in Armadale, 60; in residences situated between 1 and 15 miles
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radius of Armadale, 54 (including 8 in Bathgate); in the rest

of centrai-eouthern Scotland, 34 (comprising 11 in Edinburgh

and its satellite communities, 11 in Glasgow and its satellite

towns, 10 in central Scotland, and 2 in the Scottish Borders);

1 had been born abroad (in Poland); 12 addresses could not be

traced.

2.2.3.5. Ci/^ette-omoking Habits

in a letter dated 4*6.76, the Personnel Officer of the

/est Lothian Co—operative Society summarised the recent changes

in cigarette sales in Armadale thus: ,sthe greatest change

occurred in the change from 'plain (no filter) cigarettes' to

'filter—tipped cigarettes'. Estimate is that, whereas in

I960 85io of demand was for 'plain' with 15°]° filter - now

positions are reversed, i.e. 85$ tipped with 15cl plain

••••••• Discussing this matter with out Grocery Manager we find

that the recent increase in price (budget) has confirmed the

trend to 'smaller' cigarettes. It would appear that smokers

attempt to hold their total cash outlay steady". The Personnel

Officer regretted that, because of recent re—organisation,

precise figures for cigarette sales in the Armadale store were

not available.

The smoking practices were investigated for those Armadale

residents for whcxn respiratory cancer had been shown convincingly

to be the cause of death during i960—7 i. According to information



Hales

Heavy smokers, - 20 or more cigarettes daily 19

Moderate " — 5—19 cigarettes daily 11

Light " - less than 5 cigarettes daily or
•occasional pipe'

5

Hon—smokers — 5

Hot known — 4

Females

Heavy smokers, - defined as for males 1

Moderate " —
ft ft ft ft 1

Light " ft ff ft ft 0

Bon-smokers — 3

Hot known — 3

Table 2,2,3-8 The smoking habits of 52 patients dying
from respiratory cancer, Armadale 1968-74? (sources:
patients' clinical records, Bangour Hospital, and patients'
family doctors).



Number % of total
i

Expected number, from
Lothian experience

Upper lobes, Armadale 17 68 13
M " other Lothian 40 40

Left lung, Armadale 15 60 13
" other Lothian 40 49

Type I, Armadale 17 68 20

" " other Lothian 67 82

Table 2.2.3.J The distribution, by site and histological type, of the
neoplasm in male cases of lung cancer in residents of
Armadale and of other West Lothian communities 1 $>68-74#
Histological type 1 comprised: oat cell, squamous, small
cell, and large cell; type II comprised: bronchiolar,
adenocarcinoma, and uncertain. In some patients, more than
one major site and type of respiratory cancer were recorded.
In other patients, the site had been reported, but not the type.
(Source: histology and autopsy files, Pathology Department,
Bangour Hospital).



44-

from general practitioners and. from clinical records in Bangour

Hospital (Table 2.2.3.8.), 5 of the 40 males had never

smoked; when occasional smokers were counted with the non-smokers,

10 of the 40 males had little or no exposure to tobacco smoke of

their own making. Of the 5 females whose smoking histories were

known, only 2 had been at risk from their smoking habits.

2.2.3.6. Cite and Histological Type c" Respiratory Cancer

The respiratory cancers of male Armadale patients were sited

in the tipper lobe and left lung more frequently than was the case

with patients from neighbouring areas of rest lothian (Table 2.2.3.9.»

and Appendix 3.2.2.3.). The Armadale patients' cancers were also

more likely to belong to histological group, Type IT. In these

features, however, the differences between Armadale residents and

the ether patients were not statistically significant.
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2.2.4 DISCUSSION OF FINDINGS

2.2.4.1 Age

In the absence of respiratory irritants such as cigarette

smoke, the histological appearance of human bronchial

epithelium does not become pre-cancerous as a result of ageing

(17)« The evidence from experimental work with animals (320)

also lends support to the view that ageing per se does not

predispose to cancer (103).

On the other hand, in the modern environment the air which

most people inhale contains a complex mixture of substances;

many of these are irritant, some are potentially carcinogenic

(350)» Hot surprisingly, therefore, disease in the respiratory

system becomes increasingly frequent after the age of 40 (313)•
In the subsequent three decades of life, respiratory cancer is

also seen with growing frequency (54» 102, 241» 3771 423).

Although the victims of respiratory cancer in Armadale

belonged to all "at risk" ages, the increased incidence was more

dramatic in the older age-groups (Fig. 2.2.3.1•)• This finding

could tally with the following hypotheses: that the main effect

of the putative carcinogen in Armadale's environment was on the

members of that age—group of the population (i) who had been

rendered "susceptible" to respiratory carcinogenesis as a

result of decades-long familiarity with air—borne pollution,

and (ii) who were more continuously exposed to a carcinogen in

the vicinity of their homes as a result of their retirement.
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2.2.1.2 Sex

The pattern of respiratory cancer in women differs from that

in men. For example, in the West the incidence—rate in females

increased after that in males, and the rise in female mortality

is continuing (24, 218, 226, 309, 377). Females are less

exposed to social and occupational carcinogens than are males

(22, 362). There may he sex—linked biological mechanisms which

partially protect females fi ora the effects of some carcinogens

such as cigarette-smoke (17, 99, 260, 440). On the other hand,

females may be the more vulnerable to established respiratory

cancer (179)• Lastly, proportionately more females tend to

develop histological types of respiratory neoplasm which are

infrequent in males (71, 242, 308, 434).

In Armadale there were very few female victims of respiratory

cancer during the 1960s and early 1970s. The small numbers of

such deaths rendered impracticable a statistically-validated

evaluation of mortality. Nevertheless it was of interest

that most of these female victims died during the years when

there was a statistically significant increase in the male

mortality from respiratory cancer. This finding was consistent

with the hypothesis that the postulated carcinogen was in the

general environment of .Armadale, rather than in a purely

occupational environment.

2.2.4*3 Occupation

In Armadale the heavy industries of potential relevance to the
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problem of respiratory cancer in the community were the

steel-foundry, the defunct coal—industry, the brickworks,

and the defunct shale-oil industry in the neighbourhood

(151. 302, 360).

An association between the steel-making industry and

respiratory cancer has been reported. This association has

been both occupational (44, 97, 252, 281, 282, 298, 328, 405)

and environmental (34). Specific carcinogenic culprits

have included arsenic (34, 252), iron oxide, debatably

(282, 369» 405), nickel (97» 317, 430)r metallic particles

and fumes (44, 224, 281, 410) and heat (263, 298, 317).

By contrast, respiratory cancer is negatively associated

with both the occupations (13, 39, 97, 156, 224, 259) and the

environments (12, 79, 156, 385) connected with coal-mining.

This phenomenon may be explained by members of the exposed

population dying prematurely from other respiratory diseases

(79, 189, 215, 225). Alternatively such populations may

either have developed an enhanced immunological or tissue response

to neoplasia as a result of exposure to coal-dust (12, 13, 374),

or the inhaled coal-dust may have adsorbed and inactivated the

inhaled carcinogens (378). nevertheless the potential importance

of regional peculiarities of chemical composition and particle-size

of the coal-dust in provoking respiratory neoplasia has been

suggested in a study of mortality amongst Lancashire miners (296).

In VIest Lothian, however, the annual SMRs for respiratory cancer
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in the mining communities of Whitburn and (until 1968) Armadale

were found to be low in comparison to Scotland (see Results 2.1«3«)»

Workers exposed to mineral oils, as in the cotton and

shale-oil industries, have an excessive risk of developing skin

disease including cancer (40, 152, 256, 359» 422). An association

with respiratory cancer has also been reported (404, 422). In

the present study, respiratory cancer in Armadale was not related

to occupational exposure to oil shale.

Employees in brickworks have not been considered exceptionally

vulnerable to respiratory cancer (211 ). While occupational exposure

to silica may provoke other chest disease including pneumoconiosis

(202, 283), silica alone has not been linked with respiratory

neoplasia (36, 61, 282) in any industry.

The evaluation of the factor of occupational experience in

disease is complicated by the phenomena of multiple-occupation and

self-selection (3, 63, 182, 211, 298). With self-selection, the

earliest stages of disease may cause an individual to change from

the occupation, which caused his disease, to a less-arduous one.

This latter occupation may then appear on his death certificate.

In the present study, occupational information from

death-certificates was supplemented by occupational data gleaned

from hospital-morbidity sources. Bearing in mind the hazards

of accepting uncritically the declared occupation of an individual,

it was necessary to interpret cautiously such data in the present
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study. Hence, the "epidemic" of respiratory cancer in

Armadale since 1968 was not likely to have been solely a

manifestation of an increased occupational mortality from

that cancer amongst the employees of any one industry in or

near Armadale.

2.2.4.4 Place of Birth

Information about the birth place of the victims of

respiratory cancer in Armadale was not available (Results 2.2.3.4»)*

Hence it was not possible to exclude with certainty the possibility

of an ethnic influence on the cancer statistics there

(23, 266, 363, 438). But since all the names an the relevant

death certificates were traditionally British if not Scottish,

it was likely that the natal and ethnic environment of these

individuals was as parochial as that of the recent victims of

non-malignant diseases there. It is probable, therefore, that

the problem of respiratory cancer in Armadale was not a

consequence of unusual ethnic immigration into that community.

2.2.4.5 Cigarette-smoking Habits

The agent most commonly implicated in respiratory carcinogenesis

is tobacco-smoke, — cigarette smoke in particular (16, 85, 171» 257).

Increased sales and consumption of cigarettes in various countries

have preceded those countries "epidemics" of respiratory cancer

(41» 70, 93, 218, 341, 398). In some closely-related geographical
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areas, differences in the incidence of the cancer are related

to regional differences in cigarette consumption (102, 206, 398),—

although the usefulness of the latter parameter can be questioned

(253)- Within a nation, the urban—rural gradient for respiratory-

cancer has been linked with a parallel gradient in the degree of

exposure to tobacco carcinogens (52, 80, 92, 392), although the

existence or significance of the latter gradient is not beyond

dispute (49, 83, 398)#

Likewise in many reports the exposure of individuals to

cigarettes has been related to their chances of developing

respiratory cancer. The relationship is dose-dependent

(99, 150, 220, 433, 434), with the possible exceptions of minimum

(103a, 139, 171, 264) and maximum (93, 264) thresholds of

sensitivity to increasing exposure.

The development of respiratory cancer as a result of

exposure to tobacco-smoke is associated invariably with a lag-phase

of several decades (7, 313). When an individual ceases to smoke,

by contrast, the benefits both to the histological appearances of

his bronchial epithelium and to his longevity become noticeable

within only a few years (105, 171, 436).

Christopher Columbus observed that the Amerindians smoked

cigarettes through the nose (358). In parts of present-day India

it is customary for women to smoke, with the glowing end of the

cigar inside the mouth (327)» These are bizarre and eccentric
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forms of smoking. But they exemplify well that extreme

variability in the practice of smoking which has bedevilled

attempts to quantify convincingly the precise role of tobacco

in respiratory carcinogenesis. Amongst the more mundane

variables which affect the physico-chemical (and hence

potentially carcinogenic) properties of tobacco-emoke are:

i) the type of tobacco plant and the conditions

under which it is cultivated and cured (59,

313, 347a, 440);

ii) the format in which the tobacco is consumed,

- i.e. as pipe—tobacco, cigar, or cigarette

(17, 92, 220, 392), and whether the cigarette

is rolled by machine or by hand, whether

filter—tipped or plain (90, 106a, 236, 316,

413. 438).

iii) the nature of the person who volunteers entry

into the particular kind of smoking—habit

(55, 56, 137, 136, 165, 227, 261, 264, 437, 440, 442),

WO, 442), and his age on so doing (437);

iv) that 'Volunteer*3" current and previous health

problems, and his social,coccupational and

residential history (173, 264, 290, 392);

v) the frequency and depth of inhalation of the
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cigarette-eraoke (93, 107, 108, 171, 355, 398, 400),
the duration of the cigarette's presence in the

mouth during a smoke (32, 45), the number of times

the cigarette is relit (86) and the length of the

discarded butt (236, 400).

Furthermore, the smoking habits of individuals often change

with time (11, 173), and the descriptions given to investigators by

individuals of their total experience of smoking are liable to be

erroneous (140, 399)•

Quite apart from the complexity of these interacting variables,

there are three major inhibitions to calculating the precise role of

tobacco smoke in respiratory cancer.

Firstly, this smoke contains many highly-irritant chemicals

(301) which have profound pathophysiological effects an the

respiratory tract (236).

.Chile such chemicals include substances which produce oancer

under experimental conditions (85), a specific constituent

responsible for respiratory carcinogenesis in man has not been

demonstrated convincingly (106, 236, 313, 338). Secondly, many

individuals exposed for many decades to cigarette smoke do not

develop respiratory cancer (59, 90, 91, 121). Thirdly,

tobacco-smoke is credited with enhancing the carcinogenic

properties of many substances including asbestos (29, 287, 365, 427),



53.

nickel (110), uranium (268) and urban air pollutants

(91» 198, 286, 391). For these three reasons, the current

carcinogenic status of tobacco-smoke is that of a major, —

perhaps non-specific (233, 236) - contributory cause of

respiratory cancer rather than of an essential cause of

it (14, 99, 101, 226, 303, 387).

In the present study, there was no evidence that the

consumption of tobacco in Armadale's population had

increased. Rather, sales from the community's major

shopping-store had followed national trends (319, 342) by

altering to filter—tip cigarettes, and by declining in

response to price rises. Amongst the victims of respiratory

cancer there for whom smoking histories had been recorded,

there was a surprisingly large minority (25/ ) of

light-smokers and non-smokers amongst the males; in

American studies the percentage in the roughly-comparable

group was less than 10/! (17, 434). But bearing in mind

the inaccuracies inherent in any such figures, it can be

concluded only that there was no evidence that the outbreak

of respiratory cancer in Armadale in 1968 was attributable

solely to the carcinogenic effect of the cigarette-smoking

habit•

2.2.4.6 The Site and Histology of Respiratory Cancer

1.2. »1 oi10

Respiratory cancer may have multifocal origins (15)»
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Many cancers which are detected in the more central tissues of

the lung may have originated asymptomatically from more

peripheral sites (336), where impairment of pulmonary physiological

functions is less marked (232). The more peripherally-sited

cancers are also less accessible to bronchoscopic biopsy, but

more so to surgical biopsy. Thus the factors of diagnostic

expertise and accessibility for biopsy may have determined

partly the differences reported in various studies in -which

differing proportions of the tissue-specimens were obtained

bronchoscopically, surgically and by autopsy (27, 241, 255)*

Physiologically the lung is not a homogeneous organ:

its ventilation—perfusion ratio is maximal at its apex and

minimal near its base. The upper lobes receive the inhaled

air through passages which are set at a sharp angle to the

main bronchi; and their tidal volume has a proportionately

larger contribution of air from the anatomical "dead-space"

than that going to the lower lobes. Hence, where a

carcinogen is inhaled as a vapour or fine dust, higher

concentrations of it may accumulate in the upper 2ones of the

lung (292, 305) - provided the carcinogen is not biologically

immovable. With larger particles such as asbestos fibres

(221) and with blood-borne pulmonary carcinogens (100, 259a,

353) a higher incidence of neoplasia in the lower lobes might

be expected.

By comparison with the victims of respiratory cancer from
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neighbouring communities, there was a slight excess of

upper—lohe cancers in the Armadale victims (Table 2.2.3.9»).

This difference was not evaluated statistically because of

the small numbers. A similar excess was evident when the

percentage of upper—lobe cancers in the Armadale cases was

compared with that percentage reported in an English series

of cases (423). These findings were compatible with the

hypothesis that the postulated carcinogen in the Armadale

environment was air-borne.

2.2.4*6.2 Histology

While not universally accepted (427), the concensus

view about respiratory cancer is that it is a disease with

a heterogeneous aetiology and pathology. The histological

category labelled Kreyberg type I (242) includes squamous,

oat-cell, small and large cell, and undifferentiated or

anaplastic types. It is reported to be more frequent in

Western countries (168, 171 )» in older age-groups and in

males (291)• It is more centrally—placed in lung tisBue,

and may constitute a response of respiratory tissues to

carcinogenic irritants in tobacco-smoke and in the industrial

atmosphere (14, 22, 44, 99, 107, 109, 243, 257, 321, 434,

438).

The Kreyberg type II category includes adenocarcinoma,

alveolar-cell carcinoma, bronchiolar carcinoma and pulmonary
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adenomatosis. It is reported more frequently amongst

Orientals, Africans and Jews (23, 255» 438) and is seen more

frequently in females (71) and in a wider range of age-groups

(241). It is sited more peripherally in lung tissue, may

be slower-growing (148, 211a), and may be the effect of the

more insidious carcinogenic agents of the environment such as

viruses (l4t 179» 241» 291). Viral origins of cancer in cattle

have been proposed (217)» and in Jaagsiekte disease there is a

veterinary model for the viral origin of a similar histological—

type of respiratory cancer (116).

In the present study, the pathologists at Bangour Hospital

had not attempted to adhere to strict and predetermined

histological criteria for the classification of the respiratory

cancers(l7). IIor was the objectivity of the histological

descriptions in their autopsy reports checked by independent

observers (16, 125). It also proved impracticable to match the

cases of respiratory cancer from Armadale with those from the

other communities by age, sex, occupation, smoking-habit or

residential area. Because of these drawbacks, it was impossible

to evaluate precisely the epidemiological significance of the

histological results in the present study. The only certain

conclusion was that the proportions of the histological types

of respiratory cancers in the Armadale patients was not

grossly abnormal.
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2,3 CARCBTOSareSIS MP SUVIRCST'OTTAL POLLUTION

2,3,1 INTRODUCTION

In the initial part of this study, a reported recent outbreak of

respiratory cancer in Armadale was investigated and verified (Results

2,1,3,), Amongst the individual victims of this disease, however,

it was not possible to identify idiosyncratic attributes or occupations

which could account for the epidemic (Results 2,2,3,),

It was decided, therefore, to compare some aspects of the

physical environment of ..Armadale with similar environmental aspects

of neighbouring communities in West Lothian and in Lanarkshire,

Important components of the physical environment included the non¬

specific "urban factor" associated with population density, some

meteorological conditions, and possible pollution of air, soil and

water by industrial wastes.
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2.3.2 METHODS

2.3.2.1 The Urban Factor

Details of some demographic and social factors in neighbouring

burghs of West Lothian and Lanarkshire were extracted from the 1971

census publications. These faciors included population size,

population density, an index of domestic overcrowding, and the

percentage of low-skill workers in the male workforce.

For each of these communities, the mean SMR for respiratory

cancer 1968—73 was calculated (see Methods 2.1.2.1.).

The strength was tested of the correlations between these burghs'

SMRs and the various demographic and social factors in the burghs.

2.3.2.2 Meteorological Conditions and Air Pollution

General information about local atmospheric conditions and air

pollution was provided by the directors of two local flying clubs based

at Edinburgh Airport (Lowland Aero Service Company; Edinburgh Flying

Club), and also by a general practitioner in Armadale (Dr. A. MclTab).

Detailed information about general weather conditions in the

Lothians was supplied by the Meteorological Office, Edinburgh. The

relevant forms were: Metforms 3211 and 6910, annual and monthly

percentage frequency of wind direction and speed in Edinburgh 1962—71,

and Climatological Memorandum no. 59A (323). Such information was
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used to determine the relationship between annual winter severity

and annual STIR for respiratory cancer in Armadale. Also investigated

was the relationship between specified weather conditions (such as wind

speed and direction) and levels of general atmospheric pollution

(as illustrated by indices of reduced visibility).

2.3.2.3 Air Pollution by Smoke and Sulphur Dioxide

In some communities of West Lothian, air-sampling machines (415)

were being U3ed to measure air pollution by smoke and sulphur dioxide*

as part of a large-scale survey under the guidance of Warren Springs

Laboratory, England. The results from the mid-19503 until December

1975 were obtained from the local Environmental Health Offices in

Whitburn.

"Within recent years, however, no air-sampler had been operating

in Armadale. With the co-operation of the local Environmental Health

Officer, therefore, one machine was installed behind a local government

office at Armadale crossroads (the town centre). This machine

provided measurements of smoke and sulphur dioxide concentrations in

the air there. The measurements were collected daily, apart from

during week-ends and public holidays. The relationship between the

daily level of these air pollutants and the daily wind speed and

direction was investigated.

Monthly values for smoke and sulphur dioxide concentrations in

air were also obtained from the Environmental Health Officers responsible
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for similar samplers in Edinburgh and Lanarkshire.

The differences between the monthly mean values for smoke in the

/est Lothian communities from April to September 1976 were tested

statistically by means of Friedman's 2—Way Analysis of Variance by

Ranks. In addition, the difference between the mean value for smoke

for May 1976 in Armadale and the mean values for the same month in

4 other West Lothian and 6 Lanarkshire communities was tested

statistically.

2.3.2.4 Air Pollution by Metallic Elements

In the machines used for measuring smoke concentrations, air

was sucked through discs of filter paper. The discs exposed to air

pollution in Whitburn during November 1975» and in Armadale from May

to August 1976, were sent for further analysis to the laboratories

of the Environmental Health Service, Ninewells Hospital, Dundee.

There an atomic absorption spectrophotometer was used to measure the

discs* concentrations of some metallic elements. From these

measurements, the concentrations of such elements in the air during

those months were calculated.

It did not prove practicable to undertake an analysis of the

air for benzpyrene—type compounds.

2.3.2.5 Moss Bag Study of Metallic Elements in Air

In order to investigate the concentrations of some metallic



Plate 2: Moss bags at sites 8 and Armadale. The 2 vertical bags

are shown clearly. One horizontal bag is directly to the left of the

right—hand vertical bag. In the background is the steel foundry.

Fig. 2.3.2.1. Sketch of the moss-bag apparatus.
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elements in the air of different areas of Armadale, a Moss Bag study

was organised.

The moss bags were supplied by the Biological Sciences Department,

Chelsea College, London. Bach bag was a square, flat, nylon-mesh

packet (10 cm X 10 cm) with perforations (mesh size: 2 mm) on one

face of the packet. Each bag contained 2.5 g of Sphagnum moss, and

was held tautly by nylon threads within a plastic—coated wire frame

approximately 25 cm in diemeter. The wire frame was secured to a

bamboo pole at a height of about 1.5 m above the ground.

In mid—January 1977» the poles were placed in exposed areas of

the gardens of some council houses in Armadale and Bathgate (Plate 2).

The tenants of these houses had been contacted previously by an

official of the local Housing Department, and had offered willingly to

co-operate in this part of the experiment. The frames of same bags

were twisted so that the bag was suspended in a horizontal plane, with

the perforated side of the moss bag facing upwards. With other bags,

the wire frames were twisted so that the perforated face of each bag

was oriented vertically and either directly towards, or at a

90 degree angle to, a suspected source of air pollution (Fig. 2.3.2.1.).

The positions of the moss bags were checked after 14 days.

After 30 days the bags were removed from their rings, provided

with code-labels, and placed in sealed polythene bags. They were

returned to Chelsea College, where their concentrations of some metals

were analysed by atomic absorption spectrophotometry. Because of the
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bags' code-labels, this analysis was performed "blind", in that the

chemist was unaware of the sites at which the moss bags had been

positioned.

2.3.2.6 Pollution of Water and Soil

Some potentially—relevant geographical and geological features
l

of West Lothian in general and of Armadale's site in particular were

described in various publications. Of particular value was the

County Survey Report, 1970, of the West Lothian County Planning

Authority (295 ) •

In this publication, also, the water supply to the various

communities in West Lothian was described^ In addition, comprehensive

details were provided of the recent programme for rehabilitating old

industrial sites in West Lothian.

With the assistance of the staff of the Forth River Purification

Board, samples of "spring" and "run-off" water from some coal bings

not far from Armadale were obtained. The samples' concentrations of

some metallic elements were analysed by atomic absorption spectro¬

photometry in the Board's laboratories.

2.3«2.7 Reports of Continuing Air Pollution in Armadale

Information and advice about industrial sources of pollution during

Armadale's present and recent history were obtained from the following
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sources: (a) officers of the Industrial Pollution Inspectorate

(Scottish Home and Health Department); (b) the Works Manager of

the steel foundry, Armadale; (c) Environmental Health Officers in

Whitburn and Linlithgow; (d) staff at the Departments of Housing

and of Physical Planning, 'West Lothian District Council; and

(e) some Armadale residents.

Further information about possible air pollution coming from

industries outside Armadale was provided by Dr. A.J. Crosbie,

Department of Geography, Edinburgh University.

2.3.2.8 Veterinary Epidemiology

Reports of unusual patterns of morbidity and mortality in the

animal populations around Armadale, Whitburn and Bathgate were

sought from the following sources: the carcass inspector at Birniehill

Abattoir in Bathgate; local veterinary surgeons (two in Bathgate and

one in Kidoalder (4 miles east of Bathgate)); the General Accident

Assurance Company in Edinburgh (the major company providing insurance

for livestock in the district); and staff at the Edinburgh School of

Agriculture and at the Rqyal 'Dick' Veterinary College (Large Animals

Section, Easter Bush, Roslin, Midlothian).



Burghs

1971 Population
Areas,in Hectares

Persons /Hectare
Persons /room

Economically- activemales

SMR1968-73 Respiratory

Total

inS.C.
IV+V

Cancer

numbers

%total

Armadale

7,150

184

38.87

0.74

236

88

37

177

Bathgate

14,225

518

27.46

0.80

417

109

26

102

Linlithgow

5,685

511

11.12

0.68

166

41

25

71

Queensferry

5,170

288

17.96

0.75

168

41

24

144

Whitburn

10,175

375

27.14

0.90

293

82

28

84

Airdrie

37,744

1181

31.96

O.84

1070

311

29

100

Coatbridge

51,985

1717

30.37

O.89

1457

473

32

116

CastKilbride
63,546

2429

26.14

0.88

1799

309

17

102

Hamilton

46,376

1502

30.36

O.87

1296

348

27

98

Motherwell- Wishaw

74,038

2775

26.54

0.81

2218

686

31

88

Table2.3..3.1.Censusdemographicdata(1971)andmeanSMRforrespiratorycancer(1968-73) for5WestLothian,and5Lanarkshireburghs.
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Fig. 2.3.3»1. Census demographic data (1971) and mean SMRs for respiratory

cancer (1968—73) for 5 burghs in Jest Lothian and for 5 burghs in Lanarkshire;

(sources: Census publications 1971? Annual Reports of the Registrar General

for Scotland).
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2.3.3 RESULTS

2,3.3>1 The Demographic Urban Factor

In the burghs of West Lothian and Lanarkshire, the incidence of

respiratory cancer during 1968-73 seemed to be partly related to some

"urban factor"^ which was associated both with the density of

population and with the proportion of the low-skill male workforce

(Table 2.3.3.1., Pig. 2.3.3.1.)• For example, in these burghs the

correlation coefficient ("r") between the mean SMRs for respiratory

cancer 1968—73 and "persons per hectare" was + 0.485. Again, between

the same SMRs and the burghs' percentages of economically-active males

belonging to Social Glasses IV and 7, "r" was + 0.429. Neither of

these positive correlations achieved statistical significance, however,

when tested by the "t" test.

The correlation coefficients of the SIffls for respiratory cancer

with total populations and with the indices of domestic overcrowding

in these burghs were weakly negative. Thus, between these SMRs and

the total populations, "r" was — 0.29. Between the SMRs and "persons

per room", "r" was — 0.24.

2.3.3.2 Meteorological Conditions and General Air Pollution

Between 1961 and 1973, the annual mortality from respiratory cancer

in Armadale was not related to the amount of inclement weather during

the relevant winter months (Table 2.3.3.2.). (Note: for each of the

years used in the series of SMRs, the months January to March of that



YEAR

1961

-62

—63

-64

-65

-66

-67

-68

—69

-70

-71

-72

-73

-74

Bronchitisetc.
143

64

180

89

80

54

158

81

153

139

131

141

102

-

RespiratoryCancer
71

33

155

89

57

28

53

179

172

183

158

154

214

-

daysairfrostof winterseason initiatingyear

61

74

84

51

71

72

51

73

70

92

41

42

58

.

"

47

daysoffogat 9.00hours

10

10

13

12

10

5

8

6

15

12

4

13

8

10

daysofsnowat 9.00hours

13

39

2

18

24

6

13

14

14

1

6

6

8

1

Tabic2.3.3.2.AnnualSMRsforcommonrespiratoryailments(bronchitis,pneumonia-see Methods2.1,2.1.),andforrespiratorycancerinArmadale1961—73;alsometeorologicaldata forTurnhouseAirport,Edinburgh,— -letform3211,AnnualClimatologioalSummaries.
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year were combined, with the months October to December of the

preceding year). For example, the correlation coeffiaient between

the annual SMRs for respiratory cancer in Armadale from 1961 to 1974

and the numbers of days of airfrost during the relevant winter

seasons was — 0*042*

During those years, also, the correlation coefficient between

the values of the same index of winter severity and the annual

SMRs for bronchitis/pneumonia was — 0.070*

The severe winter of 1962—1963 coincided with the 1963 "peak"

in Armadale's annual SMRs for respiratory cancer and for bronchitis/

pneumonia. A similar association, however, was not observed for

the mortality in other communities of West Lothian, according to

data in the Annual Reports of the Registrar General for Scotland

(see also Fig. 2.1*3*l0.b.).

The prevailing wind in southern Scotland was from the

west-eouth-west (Fig. 2.3.3.2.). But when only those lighter winds

(i.e. 1—12 m.p.h.) were considered, which are associated with

gross air pollution, the prevalence of the east-north-easterly

winds became more conspicuous. Thus while the frequency of light

winds from the south-west accounted for 43.8/ of all light wind

frequency, the frequency of such winds from the north-east accounted

for 35.6%.

A strong association existed between north—easterly airflow
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(or no airflow) and the presence of haze and mist in the atmosphere

(Fig. 2.3.3.3.)• The more effective ventilation of the atmosphere

by the cyclonic weather conditions, which are associated with

south-westerly airflow, was also apparent. When there was no wind,

and when the wind was from the south-west, visibility was more likely

to be reduced during the winter months than during the summer months.

I|y contrast, north-easterly winds were more likely to bring reduced

visibility during the summer months.

General descriptions of local air pollution in West Lothian

were received from an Armadale general practitioner and from the

Managing Director of a flying club based at Edinburgh Airport (Lowland

Aero Service Company). According to the doctor, haze and smog often

persisted over the triangle of relatively low-lying ground, of which

Armadale, Whitburn and Bathgate mark respectively the western, southern

and north-eastern apices. According to the Director of the flying

club, pilots belonging to this club frequently observed "persistent

haze and atmospheric pollution from Grangemouth ••••••••southwards

as far as the Pentland Hills" to the south of Edinburgh, especially

during anti-cyclonic weather associated with easterly wind3.

2.3.3*3 Air Pollution by Smoke and Sulphur Dioxide

The monthly values of smoke and sulphur dioxide in the air were

recorded by air-sampling machines (Fig. 2.3.3.4*» Appendix 3.2.2.4*)•

The monthly mean values for smoke in Armadale were consistently higher
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than those elsewhere. The discrepancy was statistically significant.

For example, for May 1976, the pooled mean value for smoke in 17

neighbouring sampling-stations (4 in /est Lothian, 6 in Lanarkshire,

7 in Edinburgh) iwas 15.81 fjug per cubic metre, the standard deviation
being 4»1365» hence the Armadale value of 35 h-S Per cubic metre for

that month lay outside confidence limits provided by 4 times the

standard deviation of the mean of the other 17 samples. Again, when

the mean monthly smoke concentrations of the 5 vest Lothian communities

from April to December 1976 were compared statistically by Friedman^

2—way Analysis of Variance by Ranks, the high concentrations in

Armadale were demonstrated to be statistically significant

( Chi-square = 28. 38; "p" <0.0005),

Monthly minimum and maximum values for smoke in Armadale were

also exceptionally high. Between April and December 1976, the

monthly minimum values for smoke were invariably higher in Armadale

than elsewhere in West Lothian (Appendix 3.2.2.4*). For example, in

Armadale during those 9 months the mean and standard deviation of the

monthly minimum smoke concentrations (in jxg per cubic metre) were

respectively 16 and 6.91, compared with 3.03 and 3.40 for the other

West Lothian Stations. During the same 9 months, the monthly maximum

values for Armadale (pooled mean : 94 H-g per cubic metre) were exceeded

only twice by a maximum monthly value from the other West Lothian

stations (pooled mean : 67 /Ag per cubic metre).

Ifcr contrast with the excessive values for smoke in Armadale, the

corresponding monthly figures for sulphur dioxide there were not

excessively high (Fig. 2.3*3.4.b.).
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Pig, 2.3.3«5« Air pollution in Armadale and weather conditions: daily mean

levels of smoke and sulphur dioxide in April and May 1976; mean half—daily

windspeeds, and wind direction and calm hours per half-day. (Sources:

Environmental Health Offices, .hitburn; Uetfarm 6910).



There were notable summer—winter fluctuations in the monthly-

values for smoke. During the summer months these values were

negligible, whereas during winter they were increased roughly

ten—fold (Fig, 2.3*3*4*a*)* The monthly values recorded for sulphur

dioxide fluctuated less markedly (Fig, 2.3*3.4*b.).

Between 1959-63 and 1975—76, there was a striking decline in

the summer and winter values for smoke in the air of Jest Lothian

communities. The decline in the sulphur dioxide values, however,

was much less.

The daily records of the air sampler in Armadale showed that

large amounts of both smoke and sulphur dioxide reached the

air-sampling machine near the town's centre during days with calm

air or easterly winds (Fig. 2.3*3«5*)* Conversely, strong and

westerly winds blew such pollution away from the sampler.

The weekday values for smoke in Armadale's air between 21,4,76

and 31.5*76 correlated closely with the corresponding values for

sulphur dioxide (Appendix 3*2.2.5«), The correlation coefficient

was + 0.7882 (with "n" = 22, "t" value = 5*7280, and "p" :<0.001).

The daily smoke concentration in Armadale was inversely related

to mean daily windspeed (Appendix 3.2.2.5.), Thus, during the 40

days between the 21st April 1976 and the 30th June 1976 when values for

both parameters were available, the correlation coefficient for these

values was — 0.4925 (with "t" value = 3.488, and "p" < 0.005).
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ARMADALE AIR CONCENTRATIONS (Ug/M3
Pb Cd Mn Zn Fe Cr Ni Cu

May 0.01 0.05 0.046 0.25 0.36 <0.07 <0.003 0.07

June 0.016 0.11 0.015 0.22 0.21 <0.07 <0.003 0.11

July 0.033 0.035 0.031 0.29 0.29 <0.07 <0.003 0.065

August 0.016 0.22 0.074 0.490 O.65 <0.07 <0.003 0.14

W/Spring 0.516 0.005 0.056 0.34 0.81 0.012 0.018 0.0136

Table 2. 3. 3 3 Monthly raean concentrations of metals in Armadale air
during 4 consecutive months of 1976. Also shown are
reference 'normal' values for urban air (barren Springs
Lab.). The metals are lead, cadmium, manganese, zinc, iron,
chromium, nickel, copper.

Whitburn

Pb Cd Mn Zn Cr Ni Cu jigm/cu.m

1.0 0.5 0.6 1.0 3.6 4.0 2.5

U.K. i>Ivan 1.1 0.046 0.13 2.5 0.024 0.025 0.22

Scottish
Mean 0.514 0.005 0.0557 0.34 0.0118 0.0188 0.0136

TLV/40 3.75 1.25
i

125 125 12.5 2.5 5.0
1

Table 2.3.3.4 Monthly raean concentrations of metals in Whitburn air during
November, 1975- Reference values: 'U.K. Mean' =
mean levels between October, 1975 and February, 1976 in
areas of the U.K. around non-ferrous metallurgical industry
(the nearest 'control* for Whitburn); 'Scottish Mean* =
raean levels in a moderately industrialized area of East Central
Scotland; TLV/40 = the community Threshold Limit Value (TLV)
of one forthieth of the TLV used in industry.
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During the summer and early autumn of 1976, the lowest 2—weekly

concentration of smoke in Armadale -was recorded during the last two

weeks of July (Fig. 2.3.3.6.). These weeks coincided with the annual

Trades* Holiday there, during which time the local industries ceased

production. By the first fortnight of August, however, the smoke

concentration was again approaching the "normal" midsummer concentration

for Armadale; this latter fortnight coincided with the Annual Trades'

Holiday in Bathgate, the burgh situated 3 miles east of .Armadale.

2.3.3.4 Air Pollution by Metallic Elements

The concentrations of metallic elements in the air close to Armadale

crossroads were not excessive when compared with "normal values" provided

by Warren Springs Laboratory, Bngland (Table 2.3.3.3. )• In August,

cadmium, manganese, zinc, iron, and copper were all at their highest

concentrations in the air. The highest concentration of lead, however,

was in July; the lead in the exhaust fumes from motor vehicles passing

the crossroads adjacent to the sampling site might have added to the

atmospheric lead emanating from industrial sources.

The coal bing at Polkemmet colliery, Whitburn, had been smouldering

since the mid-1960s. Its sulphurous fumes had been causing offence in

the burgh, outlying houses of which lie less than one mile to the east.

The air-sampling machine for Whitburn was sited east of the bing, also,

but less than 200 ards from it. The sampler's filter-discs for

November 1975 showed high coneerrfcrations of some toxic metals



Fig. 2.3.3.7. Sites of Moss Bags in Armadale, and their concentrati cms

of various metals (expressed as ratios of "control" — site levels).
Clear columns represent bags fixed horizontally; shaded columns

represent bags fixed vertically. Columns are arranged in order of

distance away from fume-stack of foundry (position shown by single arrow).

The multiple-arrowed *B' indicates direction of "reference" 3ite of

vertical bag in Bathgate burgh.
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(Table 2.3.3.4.). The comment in the analyst's accompanying letter

was: "the level of contaminants in combination is 3 times higher than

the permissible level. For nickel and chromium on their own the

levels are approximately 150 times greater than the average for the

rest of the Country". Yet during this same month the value for smoke

in IJhitburn was typical of winter measurements: for example, the high,

average, and low concentrations in November and December of 1975 were

respectively 130 / 46 / 4 pg per cubic metre and 113/53/ 11 jug per

cubic metre; in the same months of 1976 they were respectively

109 / 30 / 1 and 123 / 49 / 1 ug per cubic metre.

2.3.3.5 Kos3 Bag Study of Metallic Elements in Air

All of the mo3S bags in Armadale were recovered untouched by

vandals. Strong winds, however, had altered very slightly the

orientation of some vertically—fixed begs. Nevertheless it was

considered that the concentrations of metals in them illustrated

the air—borne burden of metals reasonably accurately.

There was a wide variation in the coneentrations of metals in the

moss bags at different sites. But the concentrations in bags at any

one site, or at directly adjacent sites, varied only slightly

(Appendix 3.2.2.6.).

In general, the closer the site of a horizontal moss bag to the

foundry, the greater were its concentrations of iron, manganese, nickel

and zinc (Fig. 2.3.3.7.). However, there were exceptions to this

generalisation. For example, the concentrations at site 5 were greater



DISTANCE OF SITE (in metres) FROM FUME STACK OF FOUNDRY

Fig. 2.3.3.8. Concentrations of iron, zinc and manganese in horizontal moss

bags in Armadale, shown with their distance in metres from fume-stack of

Armadale foundry.
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than those at the adjacent site 6, or those at site 7» site 7

considerably closer to the foundry but on the opposite side of it.

Site 6 differed from site 5 in that the former was shielded from

the foundry by a large intervening building; there was no such

impediment to airflow between the foundry's fUme3tack and site 5«

At site 9, similarly, the concentrations of these 4 metals and of

lead were higher than at site 8f which was in the same back-garden

and about 4 metres closer to the foundry, but partly shielded from

the foundry by the (then) leafless branches of a small tree.

A high concentration of lead was present at site 3. This site

was close to the main crossroads, where heavy vehicles are often

required to accelerate their engines in response to the signals of

the traffic lights there.

The concentrations of cadmium in the bags were not related to

proximity to the steel foundry.

The metal concentrations of these moss bags were affected by proximity

to the foundry only within a limited radius of it. Thus at a distance

greater than 400—500 metres from the foundry, the concentrations of zinc,

manganese and iron were stable, and approximated the "background" levels

quoted for London (Appendix 3.2.2.6.). At less than this distance^

however, there was a steep gradient in the concentration of these metals,

- particularly of iron and manganese (Fig. 2.3.3.8.).

Because of their upright positions, the vertical bags which faced
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the foundry probably trapped only those metallic particles light

enough to have been carried along by the wind to them from the

fume-stack of the foundry; thus heavy particles of the metals were

likely to have been excluded from them. As expected, therefore,

the range of metal concentrations in these vertical bags was smaller

than the range found in the horizontal bags (Pig. 2.3.3.7»)« The

concentrations of most metals in the former did not decline so steeply

as the distance of their sites from the foundry increased.

It was noteworthy that the concentrations of iron, lead, zinc,

manganese and nickel in the vertical bag facing the foundry at site 5»

were above, or close below, the high concentrations which accumulated

in the vertical bags at sites 8 and 9* i.e. at those sites directly

adjacent to the foundry (Pig. 2.3.3.7*)» By contrast, the "control"

bag at site 5 had been positioned facing south-east'wards, i.e. directly

towards the brickworks and at a 90 degree angle away from the foundry;

and in this bag, the strikingly low concentrations of most metals resembled

those coneentrations found in the bag "B", which had been placed near the

centre of Bathgate with its vertical "face" orientated away from the

foundries there.

For approximately 6yfo of the duration of this Moss Bag study, the

ground in Armadale was covered by a layer of snow 10—20 cm deep. This

snow acted as a moist "mop" in reducing the dust in the burgh. For about

50% of the time, too, the horizontal moss bags were covered by a 1 cm-thick

layer of snow. For these reasons, the values of the metals in this study
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could not be compared directly with the contemporary levels at the

London sites (Appendix 3.2.2.6.). Nevertheless, it was striking that

the values of some metals in certain residential sites in snowbound,

rural Armadale were higher than those in central London, which was

snow—free during the same period (personal communication: staff at

Meteorological Offices England).

2.3.3.6 Reports of Continuing Air Pollution in .Armadale

There were 5 potential sources of air pollution in Armadale, 3

distant and 2 local. The 3 distant sources (personal communications

Dr. A.J. Crosbie, Edinburgh University) included (i) a burning coal bing

one mile to the west of "Jhitburn and approximately \ miles south-south-west

of Armadale (see Results 2.3.3.4. and 2.5.3.3.); (ii) the steel foundries

at Bathgate,3 miles east of Armadale (see Results 2.5.3.1•)? and

(iii) the Ravertsoraig Steel complex of the British Steel Corporation at

Motherwell, about 15 miles south-west of Armadale (see Results 2.5.3.2.).

The 2 potential sources of air pollution situated within Armadale

itself were the brick factory and the steel foundry. These local industries

were investigated first.

The brick factory was situated on the extreme southern perimeter of

Armadale (Pig. 2.3.3.7. )• Only an the northern side of these premises '.was

housing relatively near to the factory. The factory's chimneys were high,

moreover, and only rarely could smoke be seen issuing from them. There were

no reports about pollution from this source, past or present.



Plate 3: Armadale foundry, north-easterly aspect. One fumestack, with the
reddish fumes emerging from it, is partly obscuring the letter "R" of "GROUP'

Directly to the right of it is situated a second fumestack, not in use when
the photc^P" "as talcen-
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The steel foundry web sited in the south—east quadrant of Armadale,

almost surrounded hy council housing (see Pigs, 2,3.3.7. and 2*4.3.1.,

and Plate 1), Its industrial process was a continuous one, with work

proceeding also at nights and weekends. Reddish fumes could be seen

emerging continuously from a stubby fume-stack. The height of this

stack '.was considerably less than that of the adjacent building of the

foundry. Consequently the emerging fumes were deflected abruptly

sidewards and downwards by eddy currents of wind (plate 3). Periodically

an extra outpouring of fume could be seen. The emanation was detectable

as a sharp odour and acidic taste by an observer standing in the lee of

the fume-stack, outside the fence surrounding the factory; at more

than about 100 yards further away from the fence, however, these

sensations were less pungent.

The sources of information consulted about the foundry's activity

(Methods 2.3.2.6.) produced conflicting accounts of the associated

pollutions

(a) Staff of the Industrial Pollution Inspectorate described

the foundry as notable only in two ways. Firstly,

ferric oxide was used to remove carbon contaminants

from the molten steel: this technique was unusual in

a furnace of such a relatively large size. Secondly,

a dust extractor had not been fitted in the foundry's

fume-stack, "'because of the low emissions of dust"

caused by the ferric oxide process. Furthermore,

in a letter dated 15th December 1976 a-n inspector
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affirmed that he "was not aware of excessive pollution

during this period" — i.e. the mid—1960s — "and indeed

on checking with the works, very little change in the

process has occurred throughout the 1960s - 70s".

The Works Director of the foundry, in a contrasting and

informative letter dated 29*12.76, stated:

"j[ The Siemens process was superseded "by the basic

electric arc process in June 1962.

2 Oxygen—injection was discontinued around 1964 and

replaced by the addition of iron ore (ferric oxide).

_3 Oil-fired heat treatment furnaces were converted

to gas firing in 1965*

Three large mould drying stoves (coal fired) were

redundant in 1970".

"With reference to the complaints from the residents.....

these, were, according to our records, in the late 1960s

and were subsequent to changes 2 and part of

Investigations at that time identified the offending

plant as leaking and obsolete shot—blasting equipment

blowing to atmosphere. Replacement units were fitted

and the units were included on our routine maintenance

register. It is our belief that all of the above

changes have contributed to some degree in a substantial

improvement in our local environment".
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The Environmental Health Officers confirmed that the

steel foundry had been responsible for polluting the

air with reddish dust, presumable ferric oxide, for

mapy years. Admittedly there had been some lessening

of the nuisance during the past 4 or 5 years.

Officials of the local Department of Housing reported

that the dust problem had been most acute in the

late 1960s, when a huge order for stainless steel

castings had been received by the foundry* in order

to minimise excessive emission of dust during the

dayLime from the associated chromium process, the

factory's activity had been increased mainly during

the night, with a consequent rise in nocturnal air

pollution. The foreman—painter (with what was then

'.Lest Lothian County Council) added that the paintwork

of the houses directly to the east and west of the

foundry became pitted "like fine sandpaper" by tho

reddish dust from the fume-etacks; the repainting

of these surfaces became advisable long before the

5—yearly routine repaint was due.

Local residents of houses directly in the lee of the

factory described their problems with the reddish

dust. .'indow-sills and other surfaces, upon which

this du3t would settle in visible quantities overnight,
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required regular scrubbing. The reddish dust stuck

firmly to the glass of greenhouses, and could be

removed only by the vigorous use of "Brillo-pads".

The roof of a caravan which had been left in a

resident's garden during one winter became badly corroded

by the dust. Nevertheless, these residents commented

that such gross pollution affected only the 2 or 3 rows

of houses nearest to the factory perimeter.

2.3.3.7 Pollution of Soil and Hater

2.3.3.7.1 Geology and Geography of Armadale: Armadale is situated upon

strata of coal-bearing measures and boulder clay (Pigs. 2.3.3»9»» 2.3.3.10.).

Under the southern outskirts of the burgh lies a large area of productive

fireclay. The western margin of the shale—bearing measures of West

Lothian lies fully 3 miles to the east of .Armadale.

Geographically, the burgh occupies an upland position, about

500-600 ft. above sea—level; Bathgate and Whitburn are also at a similar

level. Thus these three burghs form the apices of a high triangular

basin which is enclosed by the Bathgate hills to the north-east, by the

high Slamannan plateau to the west, and by the Lanarkshire and Border hills

to the south-east. The natural drainage of the northern half of this

land—basin (which is shared by both Armadale and Bathgate) is in a

north-north-easterly direction. The southern half drains towards the

east north-east (Pig. 2.3.3.11.). No major feature of geology or

geography in West Lothian appeared unique to Armadale.
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2.3,3,7,2 Hater Supply: like most communities of West Lothian,

Armadale has its main water-supply piped from the Baddinsgill reservoir

in Peebleshire. Supplementary water-eupplies from Forrestburn

reservoir in Lanarkshire are piped to Armadale, Bathgate and some

neighbouring communities,

2,3«3>7»3 Industrial Pollution of Soil & Waterrseveral derelict industrial

sites in Armadale were identified as potential sources of pollution,

(i) On the western outskirts of the burgh in previous years, there had

been a small colliery, a coal bing and a domestic refuse tip;

these sites had been levelled and converted into playing fields,

(ii) In north Armadale, a coke—bing had been removed and its site used

for public buildings,

(iii) In south-west Armadale, a flooded quarry and railway cuttings had

been drained and filled in,

(iv) In south-east .Armadale, an old iron foundry, which had been closed

in 1964» been demolished; in 1969 advance factories were built

on this site.

The rehabilitation of these sites formed part of the large-scale

Rehabilitation Programme of West Lothian County, 1960-66, — a programme

which also included many similar activities in neighbouring communities.
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In these other communities there was no evidence of an excessive

incidence of respiratory cancer.

The rehabilitated sites in Armadale had been completely transformed

in the process of rehabilitation. Hence samples of their soil were not

taken for chemical analysis in this study, because they could not have

been considered representative of the soil in situ during the 1960s.

3ut as an alternative procedure, unaltered coal—bings in neighbouring

areas were investigated.

In samples of "run-off" and "spring" water from these bings,

relatively high concentrations of some biologically-important metals

were detected (Table 2.3.3.5»). (Bote: the concentration of each metal

should not exceed unity in waste 'water from industrial premises). It

was notable that the concentrations of most metals in samples of water

from closely adjacent sites varied only slightly. This consistency

was an indication of the reliability of the techniques used in sampling

and analysis. The concentrations of metals in water from widely-separated

sites, however, were often very different. For example, Baads and

Foulshiels provided discrepant concentrations of iron and chromium;

Polkemmet and Foulshiels were dissimilar in their concentrations of

nickel and zinc. This variability, however, doubtless resulted from

differences in the mineral content of the geological strata affected

by raining.

In the Polkemmet samples from Whitburn, there appeared consistently

high concentrations of nickel, - a carcinogen known to affect the

respiratory tract.
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2.3*3.8 Veterinary Epidemiology

A systematic study of veterinary epidemiology in the vicinity

of Armadale proved impracticable, because the necessary routine records

of morbidity and mortality in the population of domestic animals and

farm livestock were conspicuous by their absence (see Methods 2.3*2.8.).

According to sources in the Edinburgh School of Agriculture, however,

some veterinary problems in farms in West Lothian had been associated

with copper-deficiency in their soil. Also, one recent case of poisoning

by a specific metallic toxin had been reported in livestock on a farm

near Linlithgow: cattle there had suffered from chronic lead--poisoning

as a result of their fields becoming polluted by a nearby metal—recovery

factory. But there had been no reports of similar toxicity in livestock

close to Armadale.
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2.3. : D:SCU3SI0H OF FJFD33IG3

2. '. ;.1 Demographic "Urban Factors"

Large towns and cities are usually associated with large numbers

of industrial workers, with conditions of domestic oveic?owding, and

with air pollution from personal, domestic and industrial sources

(233, 290). The sum of these components has been described as the

"urban factor".

The association between respiratory cancer and the urban factor

in toto has been considered either strong (84, 90, 92, 107, 121, 175»

271) or weak to non-existent (52, 95)• The incidence of respiratory

cancer has been correlated positively with the size and density of

populations (6, 12, 49, 84, 130, 243, 385, 388) and - disputably

(384, 443) - with their component of low-skilled workers (2, 12, 49)»

but not with domestic overcrowding (130).

Some similar correlations were present in the communities in

Lanarkshire and "Jest Lothian which were studied in the present

investigation. For instance, the mean SMRs for respiratory cancer

during the period 1968-73 were positively, but weakly, correlated both

with the densities of population and with the proportions of low-skill

male workers in the male workforce. Such correlations were absent,

however, with the factors of total populations and domestic

overcrowding (Table 2.3.3.1.).

In the search for respiratory carcinogens, further components of



82.

Armadale's environment, which were more specific than the demographic

ones, were then examined.

2.3«4»2 Meteorological Conditions and Air Pollution

'eekly mortality from respiratory infections in winter has been

associated with cold weather during the preceding weeks (38), and also

with environmental conditions such as fog or air—borne smoke which are

altered by cold weather (38, 74, 130, 164, 335)* The pathogenesis of

bronchitis has been linked to that of respiratory cancer (313),

particularly regarding the harmful effect of domestic coal-combustion

in polluting the air in cities (see Discussion 3.3.4*3«)» Despite this,

an association between inclement weather and mortality from lung cancer

has not been reported.

The weather in the Scottish Lothians is often uncomfortably cold

(323)• The discomfort arises from the dampness of the air flowing along

the Porth-Clyde valley (206); this dampness increases considerably the

"windchill" factor (402). Indeed the climate was described emotively

by R.L. Stevenson as "one of the vilest under heaven".•••••the community

"is liable to be beaten upon by all the winds that blow, to be drenched

with rain, to be buried in cold sea fogs out of the east, and powdered

with snow as it cotaes flying southward from the Highland hills. The

weather is raw and boisterous in winter, shifty and ungenial in summer,

and a downright meteorological purgatory in the spring. The delicate

die early••••••" As for the winters: "To none but those who have
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themselves suffered the thing in the body, can the gloom and depression

of our Edinburgh winter be brought home. For some constitutions there

is something almost physically disgusting in the bleak ugliness of

easterly weather; the [find wearies, the sickly sky depresses them;

and they turn back from their walk to avoid the aspect of the

unrefulgent sun going down among perturbed and pallid mists••••••••••••

Life is so unsightly that..........the look of a tavern, or the thought

of the warm, fire—lit study, is like the touch of land to one who has

been long struggling with the seas" (383).

The unusually severe winter of 1962-1963 was followed by a year

when mortality in Armadale from both respiratory cancer and from other

respiratory disease was exceptionally Ugh; during 19^3, too, fog was

more prevalent than usual. But apart from that one year, there was

no evidence that the annual mortality from either type of respiratory

disease was linked to any of the meteorological indices of "cold

stress" (164) between 1961 and 1974*

Ventilation of the airspace takes place in both the vertical and

the horizontal planes (l64t 420). Thus the cone cantrat ion of air

pollutants in a community's airspace depends not only on the rate at

which they are produced there (318), but also on the meteorological

factors of barometric pressure and wind speed (48). Britain's

anticyclonic patterns of weather often provide the combination of high

barometric pressure and sluggish airflow - usually from the east or

south - which favours the retention of communities * pollutants in their

airspace (82, 254)» Two local geographical factors may exacerbate the
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the effects of the meteorological factors in generating temperature

inversions and the concomitant problems with air-pollution. These two

factors are: relatively-cold air st ground level, and the siting of

industrial towns in a valley-basin (184, 288, 318, 357» 400). Since

Armadale is sited on high moorland (see Results 2.3,.3.7.1• ), cold air at

ground level is likely to be persistent there; moreover the hills

which almost surround the town probably hinder the dispersal of its

industrial fumes and smoke (323, 420).

These predictions concerning the relationship of general air

pollution in Armadale and West Lothian to weather conditions there were

confirmed in the present study (Results 2.3.3.2.). Formal confirmation

was provided in the reports of the Meteorological Office, Edinburgh;

these linked wind-direction to limits of visibility — useful indices of

general air pollution (130, 335* 415)• The observations of aircraft

pilots and of local residents provided informal corroboration of these

reports.

2.3.4.3 Air Pollution by Smoke and Sulphur Dioxide

Despite the unequivocal association which has been demonstrated

between bronchitis and the smoke—laden air in towns (12, 38, 72, 333),

the role of urban air—pollution by smoke in the pathogenesis of

respiratory cancer is disputed (49)* Sane investigators support such

a role for smoke (266, 384* 385, 388, 429). Others discount its

importance (70, 169, 443)•



85

Sulphur dioxide in ambient air is nearly-unanimously (252,

305) considered unimportant in respiratory carcinogenesis (12, 211)•

Indeed in the pathogenesis of general respiratory disease, sulphur

dioxide appears to have an obscure, if not minor, role (131, 132,

157, 249, 250, 314, 318, 358, 361, 370, 415).

The epidemic of respiratory cancer is a relatively recent

phenomenon. So is the adulteration of urban air by photochemical

pollutants such as benzpyrene (349) from industry (300) and motor-

traffic (348). However, a role in the aetiology of respiratory

cancer for such substances has been discounted by many epidemiologists

(53, 57, 73, 98, 172, 250), despite others1 enthusiastic advocacy

(63, 234, 238, 286, 349, 389, 390, 392). Such advocacy was reinforced

by the experimental demonstration of the carcinogenic properties of

these substances (234, 236, 249, 345, 378). The resolution of this

controversy may have been favoured by the demonstration in laboratory

experiments that the more highly-carcinogenic properties of

benzpyrene—type chemicals manifest themselves only in the presence of

other factors. These factors include viruses (31, 240, 244, 431),

particles of metals such as iron oxide (187, 294, 366) and nickel

(394), and solvents or eluting agents such as petrol vapours and endogenous

plasma proteins (133, 238, 378). In the present study, however, it proved

impracticable to measure the concentration of benzpyrene—type compounds in

the ambient air of Armadale.

The general pattern of the monthly values for smoke and sulphur
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dioxide in the West Lothian towns conformed to that reported

elsewhere (82, 285, 416, 420). For example (Results 2.3.3.3.), in

all of these communities the mid—'winter values of smoke were around

9—fold greater than the midsummer values, whereas the comparable

seasonal differences for sulphur dioxide were rarely more than 2—fold.

These fluctuations resulted from sulphur dioxide being produced

mainly by industry, while most smoke is derived from domestic

coal-burning during the colder months. Also parallel to national

trends were the marked reductions of the values for smoke since the

late 1950s, and the negligible change in sulphur dioxide values since

the same date.

It was noteworthy that the smoke content of the air at Armadale

was considerably and consistently higher than in neighbouring communities

(Appendix 3.2.2.4.). This was surprising, since Armadale is a

considerably smaller community than most of the others for which there

were similar records. Although close to the Armadale cross-roads,

the air—sampler there was shielded from traffic dust by two-storey

and three-storey buildings. Hence it was unlikely that dust from local

traffic contributed to the exceptional findings.

The daily fluctuations of the levels of airborne smoke and sulphur

dioxide in Armadale were closely dependent on the speed and direction of

the wind. Winds from the east were vectors for most air pollutants in

Armadale. However, both Jhitburn and Motherwell lie to the southwest.

Hence it was highly unlikely that the burning coal bing near Hhitburn or
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the steel industry in Motherwell were the sources of the high level

of smoke in Armadale.

Bathgate lies to the east. Nevertheless, the minimal values

for smoke in Armadale coincided with the two-weekly period of the

"Trades1 Holiday" in Armadale, and not with the holiday period in

Bathgate, which is two weeks later. This result provided evidence

that the abnormally-smoky air in Armadale was home-produced, probably

from an industry in the eastern half of the town.

2.3.4.4 Air Pollution by Metallic Elements

/in increase in air pollution by dust and smoke may remain undetectable

by routine measurements of "smoke", if the colour of some of those

pollutants becomes lighter (262, 322, 415» 420). Tfy analysing the

metal-composition of some of the filter-papers from the air-samplers,

it was hoped to evaluate the role of some metallic constituents of

.Armadale's air, which might be relevant to the problem of respiratory cancer

there.

The metals of particular relevance to respiratory carcinogenesis are

nickel, chrome, iron and arsenic (46, 144, 211)• For technical reasons it

was impracticable to obtain measurements for airborne arsenic. Of less

relevance to this study were lead, cadmium, zinc, manganese and copper.

Respiratory cancer has been linked with exposure to some nickel-

processes in factories (97» 144, 213, 317t 404, 430). In such cases, the

dust associated with such industrial environments has been shown to he a
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pre—requisite for carcinogenesis (110, 155» 279, 297, 394, 3951 410).
The carcinogenicity of some, but not all, nickel compounds has been

demonstrated under laboratory conditions (154* 155, 209, 312, 394)•

Exposure to chrome is also associated with lung cancer (98, 144,

209, 213, 404)* As with nickel, however, the precise form of the

carcinogenic chrome compound has not yet been identified by epidemiological

means.

Parenterally-administered iron has been implicated in human

neoplasia (142, 213, 336a). However, inhaled iron shares with nickel

and chrome the elusive nature of its precise compound responsible for

initiating respiratory carcinogenesis. The carcinogenicity of pure iron

oxide for the respiratory system is weak or nan-existent (20, 61, 154, 163»

209, 294, 343, 346, 369, 396, 411)• On the other hand, there is much

evidence for the respiratory carcinogenicity of particles of iron oxide

when these are associated with industrial dusts including silica (98,

106). Such evidence has been derived, firstly, from epidemiological

investigations among ore miners in Britain (134, 135, 144), Prance

(42, 212, 293), Bohemia (265) and Russia (212), as well as among factory

workers (44, 114, 177, 212, 405)5 and secondly from laboratory

observations (60, 61, 187, 244, 294, 344, 316, 366, 381). Excessive

exposure to iron has also been linked epidemiologically with the

development of gastric cancer (212).

Arsenic is the last of the metals commonly considered to cause
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respiratory cancer (30, 46, 143, 389, 395» 406). It may be present

in cigarette smoke (347a), in coal-smoke (347a, 350) and in emissions

from steelworks (34, 159, 288).

Copper, zinc, lead, cadmium and manganese are usually found in

the environment of metallurgical industries (34, 65, 210, 211, 354,

430). These metals are not normally linked with the aetiology of

lung cancer. However a high concentration of zinc in soil has been

implicated in the aetiology of gastric cancer (204, 393). Lead

(46, 68, 136, 247) and cadmium (424) have associations with

cerebrovascular lesions, teratogenesis and other forms of morbidity.

Manganese may inhibit the carcinogenic activity of nickel (395)*

In the present study, the monthly values for the relevant metals,

as measured by the air-sampler close to Armadale crossroads, were

unexceptional. Hence if emissions from the foundry were causing

the high "smoke" values of the filter-discs, other constituents such

as silica or alumina must have been mainly responsible (318) (Personal

communication: Mr. J. little, Manager, Chemical and Environmental

Services, British Steel Corporation, Ravenscraig, Motherwell). The

role of dusts in respiratory cancer is uncertain but probably important

(160, 178, 281, 337, 350). Dust ( in connection with the carcinogenic

actions of nickel, chrome and iron) has already been discussed (see

above).

The present results referred o»ly to the air sampled close to the
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crossroads, however, and were not necessarily applicable to the air

elsewhere in Armadale (414)*

In startling contrast to the Armadale results, the air analysed

at the Whitburn air-sampler was demonstrably rich in various toxic

and carcinogenic metals. The probable source of these components was

the smouldering coalbing nearby.

The uncle of Pliny the Younger died from inhaling fumes from the

erupting Vesuvius (333). More mundanely, /est Lothian is littered with

the volcano—like excrescences of coal-bings, most of them no longer in

use. The cores of these bings are almost pure coal-dust, relics of the

days when coal was hand-hewn. Of an entire bing, around 25$ may be

coal-dust. Hence such bings are highly combustible. For example,

their combustibility factor may lie between 50-70$» which is considerably

higher than the figure of 25$ for best, raw oil-shale, When such

coalbings are over 30 feet high, they are liable to begin smouldering as

a consequence of high internal pressures (208a). Glowing bings were a

problem during the "black—outs" of the Second World War.

The town of Whitburn is straddled by two such bings. Since the

mid-1960s these bings have been smouldering intermittently, much to the

annoyance of the town*s residents. But despite the large amounts of

nickel and chrome in the fumes (Results 2.3*3*4.), the mortality from

respiratory cancer in that community has not been abnormally high

(see Results 2.5*3.3. )•



91

2.3.4.5 Moss Bag Study of 'Metallic Elements in Air

With only a single site for sampling air, it is possible that

variations of concentrations of air pollutants within a community may¬

be missed (147» 389)* The moss bag study was performed in order to

analyse in greater detail the geographical variation of the concentration

of metallic pollutants within Armadale's airspace.

The degree to which particles penetrate into the depths of the

respiratory tract is determined by the size, shape and density of the

particles (269, 296, 305, 314). A particle diameter of around 1/Am

affords maximal penetration (57* 87, 235, 346, 350)* Hence the values

of the metals in the vertically—placed bags in the present study were

probably more relevant to human respiratory cancer than were the values

of metals in the horizontal bags (see Results 2.3.3.5*)» Nevertheless,

the latter values may be relevant to other disease in Armadale. For

heavy and large particles may be inhaled, cleared from the trachea, and

then swallowed (419)« Their role in the aetiology of cancer of the

upper digestive tract is suspect (159, 169, 389). In Armadale's context,

this association is discussed later (Discussion 2.4»5*1»3.)»

As described fully in Results 2.3.3.5»» the concentrations of most

metals were highest in the residential sites close to the steel foundry,

and directly to its east and southwest, - i.e. along the line of the

prevailing winds. Beyond a radius of about 400-500 metres from the

foundry fume-stack, however, the metal concentrations were low and stable.
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Thus these findings were in agreement with those in other

reports. The reports described the "spill-over" of pollutants from

industries (including steelworks) into the airspace of residential

neighbourhoods (34» 144, 159* 185, 247, 248, 254, 304, 354» 375» 406,

420). Similar reports have also delineated the importance of the

direction of the prevailing airflow in determining the pattern of dispersal

of such pollutants within the surrounding areas (35i 224, 288, 409)«

Usually the parts of the community thus affected by the "spill-over" of

industrial pollutants are those only in the immediate vicinity of the

industrial source.

In the present study it was noted also that where an object such

as a building or a tree was in a position to obstruct the flow of air

from the source of pollution to the moss—bag site, the concentrations

of metals in that moss bag were consistently lower than those detected

in a site nearby, which was not similarly shielded from the pollution-

source. ("Because of financial constraints, it 'was not possible to use

more moss bags in order to test further the effectiveness of these and

other obstacles in reducing the concentrations of metallic pollutants

in air.) In a study in South lales, similar differences in the

concentrations of metals were found in moss bags from closely-adjacent

sites (158, 159)• Such differences may have resulted from the

pollutants having been dispersed abruptly by eddy currents created as

the wind passed over and around obstacles (82, 318, 357» 407)• The

differences may also have resulted from the adsorption of pollutants 011

surfaces of buildings and vegetation (1, 65, 88, 409)«
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2.3.'.6 Reports of Continuing Air Pollution in Armadale

A source of obvious pollution in Armadale was the steel foundry.

The top of its fume-stack was lower than the roof of the foundry itself;

hence the emerging fumes were not dispersed upwards effectively (420).

A simple formula has been used to predict how far from a chimney

most of the gaseous emissions frcxn it would reach ground level (420).

The following table illustrates how the mean concentrations of pollutants

at ground level vary, in theory, according to distance from the

chimney-s ource (420):

Distance from

chimney, ft

Ground-level concentration

of pollutant, ywg/m"^

5 X H negligible

7.5 X H 130 X K

9 X H 270 X K

12 X H 670 X K

15 X H 890 X K

20 X H 760 X K

25 X H 620 X K

33 X H 450 X K

45 X H 270 X K

60 X H 180 X K

(where H = height of chimney, ft,

Q = rate of emission of pollutant, 1lb/hour, and
K = Q/H2 ).



In the present study, the distribution of the fumes from the

fumestack of the foundry was probably affected considerably by several

local factors. Such factors could have included the meteorological

conditions, the eddy currents of wind resulting from the furaestack

being lower than the main structure of the foundry, the heat of the

emerging fumes themselves, and the sizes and weights of the particulate

components of the fumes. In the absence of specific information about

these factors, therefore, the values for the theoretical distribution

of pollution from the foundry*s fumestack require to be considered

with caution. According to the data on the table, nevertheless, the

fumes from the Armadale foundry would reach the ground in large

quantities over distances up to 33 times the height of the fumestack.

The fumestack's height was 45 feet, approximately (personal communication

Dr. G.W. Lodge, H.H. Industrial Pollution Inspectorate for Scotland).

Hence the outer limit of the gross pollution at ground level would be

at 45 X 33 feet (i.e. approximately 450 metres) from the fumestack.

This theoretically-predicted distance compares well with the distance

of 400-500 metres, beyond which the concentrations of the metallic

pollutants in the moss bags were found to be low and stable

(Results 2.3.3.50*

There were conflicting opinions about the extent of the nuisance

caused by air pollution from the foundry. The explanation for thi3

controversy may lie partly in the localised nature of the worst

pollution, and partly in the well-known subjectivity of the psychological

response to pollution (315» 350). But a major contributory cause was
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the over—reliance placed by some officials on "air quality standards".

These standards have been described as "a licence to pollute" (358);

they merely reflect a concensus acceptance of a value originally

guessed at for one place, and subsequently granted a validity of

spurious character for everywhere else. "Air quality standards are

a bureaucratic crime against people...... The assumptions behind them

are false..... They distract attention from the effective means of

advance" (358).

2.3.4.7 Pollution of Soil and Water

2.3.4*7.1 — 2 Geography, Geology, and Water Supply of Armadale

An excessive incidence of cancer, including gastric and

respiratory neoplasms, was reported in one geographical part of a

small Devon community. The unidentified carcinogen, possibly a

trace—element or radioactivity, was thought to be present in the

drinking water from a particular reservoir. This reservoir was

associated with mineralised Devonian rock-etrata, which contain shale,

limestones, grits and other minerals (4).

The water supply to Armadale was found to come from reservoirs

which also supplied other towns in West Lothian.

Likewise common to these communities in West Lothian was the

geological and geographical environment of Armadale (Pigs. 2.3.3.9. -

11. )• The mineral-containing oil-shales of West Lothian (65» 151)
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lie well to the east of Armadale.

2.3.4.7.3 Industrial Pollution of Soil and Water

While unlikely, it was possible that the outbreak of respiratory

cancer in Armadale had not been stimulated by an inhaled carcinogen,

but by an ingested one (100, 259a, 294» 353) as in the Devon community

(Discussion 2.3.4*7*1.)»

Rainwater penetrates about 16 inches into the substance of coal

binge before draining away, often with toxic effects on local vegetation

(208a, 419)* Samples of such rainwater draining from coalbings in

West Lothian yield disturbingly—high concentrations of some toxic and

potentially-carcinogenic metals including nickel. Therefore a potential

source of ingested carcinogen for Armadale residents was its old

coalbings, the sites of which had been levelled and rehabilitated during

the 1960s. It was conceivable that during this period of

activity, carcinogenic particles of airborne dust from these sites might

have been ingested or inhaled by the local residents. Alternatively,

carcinogens might have been ingested if soil from these sites had been

redistributed and used for the cultivation of vegetables (419)* Such

explanations of the aetiology of respiratory cancer in Armadale lack

conviction, however. For elsewhere in West Lothian during the same period,

many other coalbings were levelled; mortality from respiratory cancer did

not rise concomitantly in the neighbouring communities.
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2.3.4.8 Veterinary I'pidemiolo/c/

Toxic effects on livestock of pollutants from industry have been

described (204, 211, 274)* In the present study, all attempts at

obtaining such information proved fruitless.
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2.4 THE GEOGRAPHICAL CLUSTERING OF DEATHS FROM DISEASE

2.4.1 INTRODUCTION

In the preceding parts of the investigation it ./as shown that

the incidence of respiratory cancer in the burgh of Armadale /as

excessive, and that the excess was not attributable to personal

factors peculiar to the victims of the cancer (such as occupation

or smoking habits). The only major abnormality of the environment

of Armadale was air pollution in the south-east part of the town.

The pollutants included potentially carcinogenic metals; their

source appeared to be the fume-stack of the local steel foundry,

That the pollution constituted a continuing nuisance (subjectively

and objectively) to the inhabitants in the vicinity of the foundry

was demonstrated. But that it was a health—hazard remained a

hypothesis.

It was decided to determine whether the residences of the

victims of respiratory cancer in the burgh were distributed evenly

throughout the community, or whether they were clustered geographically

within one locality there. The locality of obvious interest was the

neighbourhood of the foundry.

In J.H. Keynes1 words, "it is better to be nearly right than

precisely wrong". To be precisely right, however, is better still.

With this aim, therefore, several different techniques of detecting

geographical clustering were used in this part of the study. For

if geographical clustering were present and demonstrated by means
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of one technique, the significance of such clustering would he

enhanced if this finding were to he confirmed hy the use of other

techniques*
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2.1.2 METHODS

The geographical distribution of the residences of the Armadale

victims of respiratory cancer ./as studied. Several techniques were

used.

For the initial stage of all techniques, the addresses of the

deceased individuals were plotted on street maps of Armadale (scale:

6 inches to the mile). For the individuals with "respiratory cancer"

on their death certificates between 1968 and 1974, this diagnosis was

confirmed with reasonable certainty in the case of 49 people, by

consulting information in their hospital case-notes. The address

plotted on the map for each of these 49 victims was the one used up

to 2 years before death. The female deaths from respiratory cancer,

and those deaths where there was a histological diagnosis of

adenocarcinoma, were made distinguishable on the map.

For all other causes of death, and for respiratory cancer in

Armadale 1961-67 (9 deaths), the addresses plotted were those given on

the death certificates; hospital corroboration of residential history

and of diagnosis was not ascertained. The other causes of death

relevant to the study (see Methods 2.1.2.) were: cerebrovascular

disease 1968—73 (66 deaths), male myocardial disease 1968—73 (74 deaths),

common respiratory infection in adults 1968—73 (32 deaths), and other

malignancies excluding prostate, cervix and vagina 1968—74 (94 deaths).
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2,4*2,1 Enumeration District Areas (EDAs), census data

For Armadale, the relevant addresses were grouped within the

Enumeration Districts delineated at the 1971 census. Death rates

per 1,000 population for each disease were calculated for EDAs, each

EDA consisting of three Enumeration Districts grouped as considered

geographically appropriate. For these rates, the 7-year totals of

deaths hy disease provided the numerators; the denominators were

either the total populations or those aged 60 years and over. For

respiratory cancer and inyocardial disease, male death rates were

calculated also for the male populations aged 45 years and over.

The mortality rates in the EDAs were then compared to each

other.

Firstly the incidence of deaths from disease, (for example,

respiratory cancer), in the heavily—polluted area of the burgh to

the south—west of the foundry was compared to the incidence in an

area of the burgh to the north of the foundry, - an area which was

socio-economically comparable and geographically close. Secondly,

the 7-year totals of deaths from respiratory and from other cancers

were compared with each other, and, also with other diseases in these

two areas. Thirdly, the observed number of male deaths from

respiratory cancer in the Polluted Area was compared with the number

expected from the rates in the various male age-groups (aged 45-54,

55-64» and 65 and over) in the remainder of the burgh's population.

With each of these three comparisons, the statistical significance
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of the incidence of respiratory cancer in the Polluted Area was tested

"by using the Chi-square test with Yates' Correction.

The incidence of other diseases was also analysed statistically,

"but in less detail.

An irregular annulus enclosing Armadale's peripheral housing areas

was delineated on the map. The width of this annulus was about one

twelfth of a mile (130 metres). This width was chosen so that the three

or four outermost rows of Armadale's houses were contained within the

area of the annulus. The female deaths and the deaths histologically

diagnosed as respiratory adenocarcinomas in Armadale 1968—74 were counted.

The proportion of all deaths from respiratory cancer which was formed by

this feaale/adenocarcinoma category in the peripheral annulus was compared

to that proportion in the central area of Armadale's housing. The

difference between these two proportions was evaluated statistically by

the Chi-square test with Yates* Correction.

Lastly, the recent stability of the age-structure of the population

of Armadale burgh and of its south—east quadrant (which contained the

Polluted Area) was investigated. The percentage of the burgh's total

population which was aged 60 years and over at the 1971 census was

compared to that percentage at the 1966 census. For the south-east

quadrant of the burgh, the age—structures of the populations in the 1971

EDAs (7—"* and 13-15) and in the almost coterminous 1966 EDAs (06-09)

were compared similarly.
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2,4*2.2 Median Centres of Mortality

On the map of Armadale (see Jfethods 2.4*2.), for each cause of

death a north-south line ./as drawn so that on either side of that line

were equal numbers of deaths from that disease. Similarly a second

line was drawn along the east-west axis. The intersect of these two

lines on the map marked the Median Centre for that cause of death in

the community. Median Centres of mortality were identified for

respiratory cancer 1963—74 (all, and males only), male myocardial

disease, cerebrovascular disease, common respiratory infections, and

respiratory cancer 1961-67*

(Note: where clustering of deaths was attributable purely to

demographic clustering, the Median Centres of the diseases responsible

would lie close together. But where the Median Centre of one disease

lay apart from the others, its site would represent the displacement

caused by the "pull" of a second, or toxic, clustering force on the

demographically—determined clustering. In such a case the toxic

clustering in the population would lie on the side of the displaced

Median Centre opposite to that of the other Median Centres).

2.4*2.3 Radial Clustering

Six hypothetical sources of pollution within Armadale were

chosen: the steel foundry, the main cross-roads, the school, the

swimming pool, the gasworks, and a disused mineworks (see Pig.2.4.3*1•)•

For each of these hypothetical sources, a circle was drawn on the map



(see Methods 2.4«2») so that its centre coincided with that source.

The exact radius (3.5 cm) of these circles ;as arbitrary; but it was

such that when the circle was centred on the foundry, the effects of

any toxic pollution might be detected if they were restricted to the

residential areas of the south-east quadrant of the burgh, and thus

were close to (i.e. within a radius of 370 metres, or nearly one

quarter of a mile, from) the foundry. Another reason for selecting

this order of radius wan that it approximated to the radius from the

foundry within which the high levels of metallic air pollution were

noted (see Results 2.3.3.5*)• Of the whole community's deaths from

a specific disease (in this case, respiratory cancer), the percentage

of the deaths placed close to each hypothetical source of pollution

was calculated from a tally of the numbers of relevant deaths within

and outside each circle.

(Note: these hypothetical sources had mortality-percentages

which were markedly influenced by the densities of housing within

their circles. Nevertheless such mortality-percentages could be

compared roughly .-/hen the hypothetical sources, from which they were

derived, were themselves in comparable situations, - for example,

placed either in central or peripheral parts of the community).

Next, the two hypothetical sources of pollution -were selected

which had the highest percentages of deaths from the disease of

particular interest, respiratory cancer, within their circles.

Further concentric circles were drawn around each of these two sources,

their radii "being 5«0, 6.5» 8.0 and 9*5 cm. Within the small
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innermost annulus (or circle) and each of the 5 surrounding annuli

thus formed around each source, the numbers of deaths from respiratory-

cancer and from a "control" disease were noted; for respiratory cancer

the control disease selected was n?yocardial disease in males (see

Discussion 2.4.4.2.). The radial distribution of the death-residences

for these two diseases from the two hypothetical sources of pollution

was compared. Statistical significance of the difference in the

distribution of the deaths was evaluated by means of a 6 by 2 Chi-square

test.

2. 1.2.4 Radial Clustering modified by the factor of wind direction

The effect of wind speed and direction on radial clustering was

investigated.

There were three relevant factors to be considered. Firstly, there

is maximal air-pollution when there is no wind (see Results 2.3.3.2.)•

Secondly, light winds are also associated with air pollution; in the

Lothians, these winds blow along the axis west-southwest by

east-northeast, with almost equal bidirectional frequencies (2>6% and

44f0 respectively of all light winds, see Results 2.3.3.2.); thus,

locally, 80fu of all light winds blow along this axis. Thirdly, an

airborne pollutant is dispersed from a point source in a diverging

V-shaped configuration (420). These three factors were incorporated

in a directional analysis of the relationship between the geographical

distribution of the death—residences of the victims of respiratory

cancer in Armadale and the distances of these residences from the
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major hypothetical sources of toxic pollution in the "burgh.

As seen on a map, the houses of Armadale lie mainly within an

oblong with its centre on the main crossroads, and with sides of about

10 cm. A rectangle with sides 10 cm and 5 en (i«e. with an area

approximately one half of the total housing area on the map) was

positioned with its centre on the foundry (see Pig. 2.4«3.1.). The

long axis of this rectangle was orientated firstly in the direction

of the prevailing winds, and secondly at right angles to this direction.

Thirdly the rectangle was again orientated according to the prevailing

wind, but with its centre on the crossroads. In these three positions

of the rectangle, the numbers of deaths from respiratory cancer and

fron myocardial disease within the rectangle were compared to the

numbers outside. In the statistical evaluation of the results the

Chi-equare test with Yates' Correction was used.

2.1.2.5 Application of the Theory of Random Flights

(Bote: this Theory is applied in archaeological field-work (199)*

where the sites of prehistoric centres of commerce are deduced from

the geographical distribution and concentration of coin—finds. The

application of this Theory to epidemiology was suggested by Dr. Roger

Barclay, District Medical Officer, South Lothian Health District).

2.4«2.5«1 A Comparison of the Clustering of Deaths around

Various Sites in the Community

A series of 20 to 30 concentric circles was drawn on the map.
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Their centre (or "pericentre") was the position on the map of the

obvious source of air pollution in Armadale, i.e. the foundry.

The death-residences associated with respiratory cancer which lay

outside each consecutive circle were counted, and these numbers

plotted graphically against the square of the radius (r ) of the

respective circles. The resulting graph .fas studied.

(Note: according to the Theory of Random Plights, a linear

slope in such a .graph represents random siting of cases, while a

logarithmic curve represents a zone of increasing concentration of

cases. Hence, if clustering were present around this pericentre,
2

the line derived from plotting r against Number Outside would change
2

its slope from linear to logarithmic as the pericentre (r = 1) was

approached).

The other hypothetical sources of pollution in Armadale (see

Methods 2.4.2.3.) were made the map—pericentres of similar series of

concentric circles; likewise the power of dispersion of respiratory

cancer around each pericentre was represented graphically as the

slope of a line. These lines were compared with the line for the

foundry^s pericentre. The line with the greatest change in the
2

number of deaths outside the consecutive circles as r approached unity

was identified as the one where pericentral clustering was maximal, —

the "primary pericentre".

2.4.2.5*2 The Detection of the Zone of the Maximal Clustering

Each of the lines of the other, "secondary pericentres" was



108

scrutinised for a "bulge" along its length; such a bulge might

represent the zone of maximal clustering, with which the primary
2

pericentre was associated. Where identified, the value of r for

the major bulge on each of these lines was noted; with the derived

value for as its radius, a circle was drawn for each of these

secondary pericentres on the Armadale map (Methods 2.4«2.)• The

positions of those intersects were marked, where the circles with

pericentres in the /est of the burgh (i.e. the school) and in the

east (i.e. mineworks only for respiratory cancer; mineworks and

foundry for myocardial disease - see below -) intersected with

circles more to the north of the burgh (i.e. gasworks, swimming—pool,

crossroads). The place .where these intersects were grouped closely

together on the map was identified as the Zone of Maximal Clustering

of deaths from respiratory cancer.

The procedure was used in the analysis of the similar lines

constructed for myocardial disease (see below, Methods 2.4»2.5«4»)»
The clustering of these intersects was compared with that of the

intersects for respiratory cancer.

2.W.2.5*3 Quantifying the Clustering Differences

According to the Theory of Random Flights, the degree of clustering

of deaths around the pericentres is inversely related to the areas

below these pericentres® lines, especially the areas close to the

pericentres (the "close areas"). Therefore a quantitative estimate
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of the degree of clustering around each pericentre was obtained by

using a planimeter to measure two areas below each line (see Insert,

Pig. 2.4.3.8.). These areas were: (a) the "total areas" below each

line, and (b) the "close areas" beneath each line, — the base of each

"close area" extending from 49 to 14 on the "ITumber Outside" axis;

hence these "close areas" each contained an equal number of deaths

from respiratory cancer.

(Note: in the present study, "Number Outside" = 14 was chosen as

the lower limit of the "close areas" for several reasons. Firstly,

most — about 70;' — of the total deaths from respiratory cancer were

thereby included within the "close area" around each pericentre.

Secondly, in the line representing the foundry as the pericentre for

respiratory cancer, the radius corresponding to Number Outside ■ 14

was close to that within which excessive air pollution hy metallic

dusts from the foundry had been demonstrated previously, see

Results 2.3.3.5.).

The two areas measured below each pericentre's line were the raw

data for further calculations.

Firstly, for each pericentre's line, the percentage of the "total

area" occupied by the "close area" was calculated.

Secondly, each of the "close areas" in which there was obvious

pericentral clustering of deaths was expressed as a percentage of the
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"close area" below a •reference* line, the straightness of which

represented a total absence of clustering around its pericentre

(Methods 2.4«2.5.1.)»

Finally, for each of these two sets of calculations, the

percentage values of the primary pericentre for respiratory cancer

were contrasted with the percentage values of the secondary

pericentres for both respiratory cancer and myocardial disease.

The statistical comparison v/as between the percentage values of

the primary pericentre for respiratory cancer and the confidence

limits derived from 3 times the Standard Deviation of the mean

percentage value for the secondary pericentres.

•

2.-1.2.;j«4 Excluding the Demographic Variable in Clustering

The contribution of demographic clustering to the Zone of

Maximal Clustering (Methods 2.4.2.5.2.) was investigated.

"Reference" diseases were selected with which to compare

respiratory cancer. Male deaths from myocardial disease were chosen

as "controls" (see Discussion 2.4.4.2.). Deaths from cerebrovascular

disease and from other cancer (Methods 2.4»2.) provided additional

"reference" comparisons.

For each of these causes of death, the scale of the axis denoting

"lumbers Outside" was adjusted down to the scale used in respiratory



111.

cancer, i.e. 0 - 49 • This was done by multiplying each value for

"Number Outside" of the deaths from the particular "reference"

disease by a factor representing total deaths from respiratory cancer

divided by total deaths from the appropriate "reference" or "control"

disease; for example, this factor was 49 / 74 for myocardial disease.

As described in Methods 2.4.2.5.1., lines were derived which

illustrated the proportional distribution of deaths from these diseases

around the primary pericentre for respiratory cancer. The influence

of the demographic variable on the apparent perimeter of the cluster

of respiratory cancer there was investigated by contrasting the gradient

of the line for respiratory cancer with the gradients of the lines of

its "control" and "reference" diseases.

2.4.2.5.5 The Statistical Analysis of Clustering of Respiratory

Cancer around a Fericentre

Firstly the geo,graphical distributions of deaths from respiratory

cancer and from male myocardial disease around the primary pericentre

were compared. Then other disease-comparisons were made.

The narrow annuli around the primary pericentre (Methods 2.4.2.5.1.)

were grouped into 17 broader annuli; the fractional radius or width of

each annulus was the same, O.p cm. Thus the 17 concentric circles

had radii of between 2 cm and 10 cm.
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The numbers of deaths from each relevant disease in each annulus

were noted. Prom these numbers were calculated the percentages of

each cause of death which lay outside the circumference of each of

the 17 concentric circles. The Kolmogorov-Smirnov Test (371) was

used to evaluate the differences in these percentage—distributions

between respiratory cancer 1968—74 and male myocardial disease 1968—73,

between respiratory cancer 1968—74 and respiratory cancer 1961-67,

between respiratory cancer 1968—74 and other cancer 1968—74, and

between other cancer 1968—74 and cerebrovascular disease 1968-73#



RESPIRATORY CANCER DEATHS

1968 -1U

x = in Females ( not Adeno Ca.)
-6- = Adeno Ca. in Females

1
/

• = in Males ( not Adeno Ca)/
o = Adeno Ca. in Males

G = GASWORKS
P = SWIMMING POOL
M = OLD MINEWORKS
C = CROSS-ROADS
F = FOUNDRY
S = SCHOOL

1 -6 Km approx.

1 Mile

Fiji. 2.4.3.1. sap of Armadale (scale: 6 inches per mile): sites of

"pericentres" « foundry, crossroads, school, swiiniaing-pool, gasworks, and

mineworks? dots » death-residences of victims of respiratory cancer 1968—74,

excepting females (crosses) and adenocarcinomas (small circles).
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2.4.3 RESULTS

The Armadale sites relevant to this part of the study were

identified on a map (Pig. 2.4.3.1.); foundry (F), School (s),

main cross-roads (r), swimming-pool (P), gasworks (g) and old

mineworks (M). The area to the east of the foundry^ perimeter

lay outside the burgh boundary; a housing estate was built there

during the mid-1960s, although these houses were not shown on any

maps available for this study. About 50^ of the new residents of

that housing estate came from the village of Blackridge, 3 miles

west of Armadale; the remainder came from other rural areas

around Bathgate and Armadale.

The addresses of the 49 victims of respiratory cancer during

1968-74 were plotted on this map (Pig. 2.4.3.1•)• The residences

of most of the cases with adenocarcinoma (circles) and of the female

cases (crosses) were found to be located in the peripheral areas of

the town.

Jhen Armadale was partitioned into quadrants by its North, South,

Bast and Best Main Streets, 28 (i.e. 57$) of these victims of

respiratory cancer had residences within the south—east quadrant.

Even more disturbingly, 16 deaths (i.e. 33$) were in the triangular

Ilayfield housing scheme directly to the southwest of the foundry.

This housing scheme was built during the 1930s, as were most houses in

the southern half of the burgh. However, it .was notable that there

were no deaths from respiratory cancer in the Mayfield houses which



Fig. 2»4«3«2. Armadale: death-residences of male victims of nsyocardial

disease 1966—73? the intersecting vertical and horizontal lines indicate

the Median Centre of mortality.



Fig* 2*4*3*3* Map of Armadale: death-residences of victims of other

cancer (excluding prostate, cervix and vagina) during 1968-74*

cerebrovascular disease 1968—73*



Fig. 2.4.3*5» Map of Armadale: death-residences of 32 victims of common

respiratory disease (pneumonia, bronchitis) 1968-73? with Median Centre
for such mortality.

Fig. 2.4.3.6 Armadale: death-residences of 9 victims of respiratory
cancer 1961-67. The numbers and outlines of the 1971 census Enumeration
Districts are shown.
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cancer
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die.
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1-3

2.00

4.66

9.32

0.67

25.86

60.34

120.69

8.62

13.89

74.07

4-6

4.58

10.68

4.58

5.34

32.09

74.87

32.08

37.43

9.90

39.60

7-9

4.84

20.33

11.62

6.78

20.33

85.37

48.78

28.45

24.15

48.31

10-12

4.86

11.67

5.84

3.90

28.04

56.07

28.04

18.69

26.32

63.16

13-15

17.08

12.06

13.07

9.05

68.55

48.39

52.42

36.29

74.26

59.41

16-18

4.14

14.07

7.45

1.66

32.05

108.97

57.69

12.82

25.16

44.02

Table2.4.3.1.Mortalityratesforvariousdiseasesinsmallareas(EMs)ofArmadale:the SDAswerecomposedofEnumerationDistrictsforthe1971census;themortalityrateswere derivedfromdataprovidedinAppendix3.2.2.7. Abbreviations:resp.=respiratory;vase.=vascular^ dis,=disease;nyocard.=rqyocardial.
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were screened, from the Foundry*s Fumestack by the large intervening

buildings.

In Figs. 2.4.3.2. - 6. were shown the death—residences for male

myocardial disease 1968—73, other cancer 1968—74* cerebrovascular

disease 1968-73, common respiratory disease 1968—73, and respiratory

cancer 1961-67* Also shown were the boundaries and numbers of the

Enumeration Districts for the 1971 census (Fig. 2.4.3.6.).

2.4.3.1 Enumeration District Areas (SDAs), census data

The EDA populations at the 1971 census afforded the denominators

for calculating the various mortality rates within geographical

subdivisions of Armadale (Appendix 3.2.2.7.)» The numbers of deaths

from various diseases in each of the EDAs provided the numerators

for these rates (Table 2.4.3.1.)•

In EDA 13-15 (the area southwest of the foundry where there was

excessive metallic air pollution) the mortality rates for respiratory

cancer were between 2 and 4 times higher than in other areas, depending

on the denominator used to calculate the rates. For other cancer,

however, and for male myocardial disease (the control disease) the

mortality rates in EDA 13—15 were relatively normal. Only for ''other

respiratory disease" was there an excessive incidence in this area,

but the excess was less notable than that of respiratory cancer.



armadale 7—year deaths 1 ;? 1 relative 99% confidence
burgh areas resp. ca. population risk limits

EDA 13-15 17 995 3.29 1.52 - 7.10
Other areas

32 6155of burgh

(Analysis of data by Ghi-square: Ghi-square = 15-71
p <0.005).

a) Relative Risk of death from respiratory cancer during 1968—74
in EDA 13—159 when compared with the mortality in the rest of
the burgh during these years.

Area EDA 13—15

Observed deaths of
men from resp. oa.

Expected deaths of
men from resp. ca.

Chi-
square

P

15 6.15 11.337 <0.001

b) Expected number of male deaths from respiratory cancer 1968-74
in EDA 13—15» derived by indirect standardization from the rest
of Armadale small burgh; (age-groups: 45+» 55+* 65+, years old).

Elderly
residents (1971

census data

multiplied
by 7)

Deaths from -

EDA resp.
ca.

1968-74

M.D.
1968-73

Other
ca.

1968-74

C.V.D.
1968-73

Bronchitis
etc. t

1968-73

13-15 1736 17 12 12 13 9

7-11 & 30 2800 10 18 34 19 11

Chi—square — 5.91 0.01 2.42 0.01 0.15

ftp,» — <0.025 not significant

c) Statistical comparison of numbers of deaths from various diseases
with numbers of elderly residents (aged 60 years and over) in
E OA 13-15 and in the socially-comparable adjacent area, EDA 7—11 &
30. (Abbreviations: M.D. = male myocardial disease; G.V.D. =
cerebrovascular disease; ca. = cancer).

Table 2,4.3.2. Statistical analyses of mortality from respiratory cancer

in EDA 13—15 of Armadale: (a) the Relative Risk, when compared with the
rest of the harsh; (b) the Observed and Expected numbers of deaths, the
comparison being with the rest of the burgh; and (c) the mortality from
various diseases including respiratory cancer amongst elderly residents
in EDA 13—13 * compared to such mortality in an adjacent area.
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The excessive mortality from respiratory cancer in EDA 13—15 ->'as

statistically significant (Table 2.4.3.2.).

Of the 32 deaths from respiratory cancer which were located in

the peripheral annulus of Armadale's housing area, the female deaths

and those with an adenocareinoma-type of histology accounted for 12.

In the inner area of housing, by contrast, there were 17 deaths from

respiratory cancer; only one of these belonged to the female/adenocarcinoma

category. The difference between these two areas in this respect was

statistically significant (Chi-square = 4.159; degrees of freedom = 1 j

"p" < 0.05).

There was a positive correlation between EDA death rates for

respiratory cancer and for other respiratory disease. (For the total

populations of the EDAs, "r" was + 0.7943; for their populations aged

60 years and over, "r" was + 0.493). When evaluated by the "t" test,

however, neither correlation coefficient proved to be statistically

significant at the 95/- level of significance.

The mortality rate for other cancer (per 1000 population aged 60 years

and over) was elevated in EDA 16—18, the area directly to the east of the

foundry. Relatively high rates of such mortality were also detected in

EDA 07-09, an older housing estate on the northern flank of the foundry's

perimeter. In a comparable housing estate in EDA 10 - 12, which was

positioned some distance from the foundry, these mortality rates were

much lower.
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MEDIAN CENTRES OF MORTALITY

16 Km approx.

Y Resp. Ca d+ ? T
• Resp. Ca. d J
• M.I. J
AC Non-resp. Ca. d * ?
• Resp. Infection d* ?
> CVA d*$
• Resp. Ca. 1961-67
® Estimated

toxic sites

(Housing',

Fig. 2.4.3.7* flap of Armadale: Median Centres of Mortality from

cerebrovascular disease 1966—73, myocardial disease in caales 1966-73*

connaoti respiratory disease 1966—73» respiratory cancer 1961-67*

respiratory cancer (all, and mie cmiy) 1966—74* and other cancer

1966—74; estimated sites of toxic clustering are indicated.
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The 25 cancers of the upper digestive tract (oesophagus, stomach,

and pancreas) were a component of "other cancer". They were

distributed between the various EDAs as follows: 4 deaths in EDA 13—15

(i.e. 33$ of "other cancer" there), 6 deaths in EDA 16—18 (i.e. 35$),
6 deaths in EDA 7—9 & 30 (i.e. 26%), and 9 deaths in the remaining

EDA (i.e. 19$).

The age of the population of Armadale increased only slightly during

the late 1960s. According to the census data for 1966 and 1971, "the

percentages of elderly residents (aged 60 and over) in Armadale burgh

were 14$ and 15$ respectively. Likewise, within the almost

coterminous EDAs for 1966 and 1971 which enclosed most of the southeast

quadrant of the burgh, the proportion of ageing persons in the population

also increased slightly: the 1966 percentage (EDA 6—9) was 20$ while

the 1971 percentage (EDA 7-9, 13-15) was 23$.

2.4.3.2 Median Centres of Mortality

The Median Centres for respiratory cancer (all and male only) during

1968—74 lay apart from, and to the south of, the Median Centres for other

causes of death and for respiratory cancer 1961-67 (Eig. 2.4*3.7»)» The

juxtaposition of the Median Centres for these other causes of death was

attributable to the demographic factor in geographical clustering. The

eccentric position of the Median Centre for respiratory cancer 1968—74,

on the other hand, was regarded as the point of balance between the

demographic factor and a toxic factor, - the cluster for the latter sited



Deaths from respiratory cancer, within 3.5 cm. map—radius of —

Foundry Swimming
Pool

Cross¬
roads

Schocl Gasworks
1

to8*9
§

Numbers 19 8 12 11 7 3

as % of all
deaths from

respir. ca.
in burgh

39 16 24 22 14 6

Table 2.4.3.3. Numbers and percentages of all deaths rrom respiratory-

cancer in Armadale 1968-74} wiich lay close to (within map-radius 3«5»cou of)

various hypothetical sources of pollution in the burgh.

Numbers of deaths within annuli of various
radii (in cm.), surrounding foundry or crossroads

Foundry 2<3.5 3.5<5 5<6.5 6.5<3 8*9.5 9-5+
Chi-

square

degrees
of

freedom
P

I

Rcspir. ca.

Myocardial
Disease

19

11

9

18

7

6

4

13

6

14

4

12
12.6124 p

J

■

|

<0.05

Crossroads
i

Respir. ca.

Myocardial
Disease

12

16

9

11

14

16

11

14

2

15

1

2
6.69211 5 <0.2

Table 3.4. 3.4-. Radial clustering: numbers of deaths from respiratory

cancer and from male myocardial disease in annular areas surrounding firstly

the foundryf and secondly the crossroads.
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further from the main crossroads and in a southerly direction.

2.4.3*3 Radial Clustering

The degree of clustering of death-residences associated with

respiratory cancer 1968—74 around various hypothetical sources of

pollution was calculated (Table 2.4.3.3.)• There was maximal

clustering around the foundry, considerably less being found around

the crossroads.

When tested statistically (Table 2.4.3.4*)» the degree of radial

clustering of respiratory cancer around the foundry was significantly

greater than that of the demographic-control disease, male myocardial

disease. Again, for all of the annular areas around the Foundry

except the innermost one which was closest to the foundry, there was

a mean excess of 6.6 deaths from myocardial disease over deaths from

respiratory cancer; the standard deviation of this mean was 3.39»

But the innermost annulus contained 8 more deaths from respiratory

cancer than from myocardial disease; this value lay outside the

confidence limitMof 4 times the standard deviation of the mean of

the other annuli.

Around the crossroads, by contrast, a statistically significant

excess of respiratory cancer "was not demonstrable.



\ GEOGRAPHICAL CLUSTERING, (RANDOM FLIGHTS):
-RESPIRATORY CANCER ( N = A9 )

* FACTORY (FOUNDRY)
SCHOOL

. . SW -POOL

N.O. ( Numbers of deaths outside circles )

Fig. 2. Geographical clustering (Theory of iandcra Flights): fractional
distribution of deaths frota respiratory cancer in Armadale 1968—74 outside
concentric circles, series of which were constructed around various pericerrtres
in Armadale. These pericentres included the foundry, school, crossroads,

swimming-pool, aineworks and gasworks. Zones of intermediate clustering were

indicated by the small arrows beside all lines except that of the foundry, the

primary pericentre. (Note: the foundiy-pericentre was exceptional in that
there were no houses within its innermost circular area. Accordingly, the

foundry's lines for respiratory cancer, and subsequently for myocardial disease,
were made more comparable to the other pericentres* lines by excluding this
central area's radius frota the sequential calculations related to the foundry
as pericentre. Thus for the foundry, "r" — 2 was made equivalent to the
other pericentres' "yw » 1.)
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2.4*3.4 Radial Clustering raodified by the Factor for Wind Direction

With the rectangular modification of the radial pattern of

dispersion, the numbers of deaths from respiratory cancer and from

myocardial disease inside and cutside the rectangular area were

noted (Table 2»4»3»5*)• When the rectangle was centred on the foundry

and orientated with its long axis parallel to the direction of the

prevailing winds, the clustering of deaths from respiratory cancer around

the foundry was significantly greater than that of the control disease.

But such clustering was not demonstrable either when the rectangle was

similarly centred but orientated at right angles to the prevailing

wind, or when it was orientated parallel to the wind direction but

centred on the crossroads.

2.4.3.5. Application of the Theory of Random Flights

2.4.3.5.1. A Comparison of the Clustering of Deaths around

Various Sites in the Community

2
The relationship of r to the number of deaths from respiratory cancer

outside the corresponding circle("N.O") was linear for the lines of two

pericentres, — the gasworks and the mineworks (Fig. 2.4.3.8.). According

to the Theory of Random Flights, therefore, these two sites were remote

from areas associated with demographic or toxic clustering (Fig. 2.4.3.1.)•

With the other 4 sites, conversely, the values of H.O. increased
2

logarithmically as r approached unity, - i.e. the slopes of their lines

flattened as they approached the horizontal axis. Hence clustering of



Pig. 2.4.3.9. Geographical clustering: as for Pig. 2.4.3.8., but for the
"control*1 disease, male myocardial disease in JPuadale, 1968—73.
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some kind around those perioentres was indicated.

Pericentral clustering (IT.O. = 49—14) was maximal around the foundry.

But when this line's value for N,0, was less than 14» the gradient

became steep and linear; hence it was deduced that there was no

clustering of deaths from respiratory cancer at a distance from the

foundry greater than where r = 6 era approximately, corresponding to a

distance on the ground of about 630 metres.

The lines from three other pericentres (crossroads, school and

swimming—pool) occupied positions on the graph (Pig. 2,4.3.8,)• which

were intermediate between the foundry line and the "reference" lines

of the gasworks and mineworks. Of these three intermediate lines,

that for the crossroads showed most evidence of clustering of

respiratory cancer.

Along the middle sections of these three intermediate lines,
2

at r = 36, 42 and 58 respectively, the slopes became transiently more

horizontal. These bulges represented zones of intermediate clustering

at the appropriate length of radius from each pericentre. Similar but

less obvious bulges were apparent in the lines for the gasworks and
2

mineworks, at r =90 and 50 respectively.

Similarly-constructed lines represented the distribution around

the same pericentres of male deaths from the control disease, myocardial

disease (Pig. 2.4.3.9«)• With this cause of death there was no evidence



Fife. 2.T.j.lO. Zone of Maximal Clustering of respiratory cancer in
Armadale 1968—74® The Zone was at the site of the intersects of
circles constructed around secondary pericentres with radius as

appropriate for each line's zone of intermediate clustering.

Fig. 2»4»3»11« Intersects of circles constructed (see Fig.2.4.3.10)
for male myocardial disease in Armadale, 1968—73. No Zone of
Maximal Clustering of this cause of death was apparent.
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of exceptional pericentral clustering around the foundry# The gradient

of its line resembled that of other pericentres* lines. Moreover these

other lines showed as little evidence of pericentral clustering of

myocardial disease as twas apparent for respiratory cancer. In most of

these lines, finally, the bulges indicating possible zones of intermediate

clustering were almost imperceptible.

2.1.3.5.2 The Detection of the Zone of Maximal Clustering

Bulges were noted in many of the lines in Pig. 2.4.3.8., and debatably

in Fig. 2.4.3.9.» such bulges represented zones of intermediate clustering

(see above).

For respiratory cancer, the relevant intersects of the circles around

the secondary pericentres (at the appropriate "r" value for each pericentre's

intermediate cluster) were grouped in part of the Mayfield area (Enumeration

District 15) to the south—west of the foundry (Pig. 2.4.3.10.). Hence this

area was identified as the Zone of Maximal Clustering of respiratory cancer.

For myocardial disease, in contrast, the intersects were not grouped

convincingly (Fig. 2.4.3.11.).

2.4»3.'3»3 Quantifying the Clustering Differences

In accordance with the Theory of Random Flights, the smaller the values

of the areas below the lines, (in particular of the "close areas"), the



Disease Areas, cm^ Foundry Crossroads School Sw.—pool Gasworks

Respir. "Close areas"

(H.O.: 14-49)
49 73 87 93 161

cancer
"Total areas"

(U.O.x H9)
145 156 189 195

;

299

"Close area" as

°]o of "Total area"
34 47 46 48 54

"Close area" as $
of gasworks'
"Close area"

30 45 54 58

Myo¬
cardial

"Close areas"

"Total areas"

76
186

69

164

90

198

85

185

—

Disease
"Close" as

of "Total"
41 42 45 46 -

"Close" as $
gasworks' "Close" 47 43 56 53 -

Statistical
Comparisons

Respir. cancer,
foundry site

Respir. cancer, all sites except foundry
& liyocardial disease, all sites

1o Mean $ S.D.(Standard
Deviation)

Mean minus 3
times S.D.

"Close area'as

as % of "Total
area"

34 46.12 3.72 34.96

"Close area"as

$ of gasworks'
"Close area"

30 50.86 5.38 34.72

Table 2.4.3.6. Application of Theory of Random Plights: differences
between the "close areas" and "total areas" around the foundry and around
various other sites in Armadale, with a statistical evaluation of these

differences as an index of geographical clustering of respiratory cancer

around the foundry.



CUMULATIVE DISTRIBUTION OF DISEASES

Fig. 2.4.3.12. Cumulative distributions of various disease, by radial

distance from the foundry in Armadale. ("CVA" represents cerebrovascular

disease; "M.I.W represents myocardial disease in males).



greater is the clustering effect close to the lines' pericentres. Hence

"total" and "close" areas beneath the lines in Figs. 2.4*3*8. and 2.4*3*9*

were measured by planimetry (Table 2.4*3*6.). From these measurements,

the foundry was identified as the site around which the death-residences

of respiratory cancer victims were clustered maximally. But there was

no similar clustering around it of deaths from myocardial disease.

The pericentral clustering of respiratory cancer around the foundry

was apparently statistically significant when compared with that of male

myocardial disease and of respiratory cancer around the other sites in

Armadale (Table 2.4.3•£• )• However, such significance required to be

interpreted with some cautionj for it was not clear that the values

of the relevant areas in this context followed a Gaussian distribution,

nevertheless these findings did show complete agreement with the

results of the alternative statistical analysis, in which the Kolmogorov—

Smirnov test was used to contrast the geographical distribution of deaths

from respiratory cancer with that of deaths from male myocardial disease

and from "other cancer" (see Results 2.4*3*5*)*

2.4*3.5*4 Excluding the Demographic Variable in Clustering

The influence of the demographic variable on the line with the foundry

as pericentre was demonstrable in Fig. 2.4*3•12. The lines representing

myocardial disease, other cancer and cerebrovascular disease all showed
2

negligible increase in their values for N.O. when r was between 20 and 35*

The slope of the line for respiratory cancer, by contrast, showed a clear



Percentagesofdeath;
soutsideci
rcles,
withradii(cm)

v'Deaths

10

9.5

9.0

8.5

8.0

7.5

7.0

6.5

6.0

5.5

50

4.5

4.0

3.5

3.0

2.5

2.0

Total

Respir# 0o»• 1968-74
2.04

8.16

12.24

16.33

20.41

26.53

26.53

28.57

30.61

36.73

42.86

48.98

55.1

61.22

81.63

93.88

100

49'

T-lyocar dial

12.16

16.22

21.62

25.68

35.14

43.24

51.35

52.7

56.76

56.76

60.31

64.86

71.62

85.14

89.19

98.65

100

74

Other Career

1.11

5.56

10

15.56

25.56

30

31.11

31.11

34.44

36.67

44.44

53.33

67.78

85.56

94.44

96.67

100

90

Respir. Cancer 1961-67
22.22

22.22

66.67

77.78

77.78

88.89

88.89

100

9

Cerebro Vase disease

13.64

25.76

30.30

39.39

40.91

42.42

42.42

43.94

48.48

51.51

54.54

68.18

78.79

89.31

100

66

i

Kolmogorov-) Smirnov) Statistics)

ComparisonsofRespir. Ca,19"8-74

D.max

95%confidencelimit

i)+malenjyocardial di3eas(1968-73

0.2615

0.2505,=significant

ii)+othercancer196874
0.2434

0.2414,asignificant

iii)+Respir.Ca.I961--67
0.5125

0.4932,-significant

iv)othercancer1968—74 +cerebrovnsc.disease
0.1738

0.2204,=ROTsignificant

Table2.4.3.7*Geographicalclustering:%distributionofdeathsfromrespiratorycancer1968-74aroundFoundry areaofArmadale.Thisdistributioniscomparedwiththeipsifocaldistributionsofmalemyocardialdisease ofothercancer,andofrespiratorycancer1961-67.
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2
increase in the values for N.O. between these limits of r .

2
Hence the change in the slope for respiratory cancer at r =35 was

not an artefact of demography alone. Rather it represented the perimeter

of the total clustering effect imposed by demographic and toxic factors.

2.4.3.5 The Statistical Analysis of Clustering of Respiratory Cancer

around a Pericentre

The percentage distribution of deaths from various diseases was

tabulated according to distance from the foundry (Table 2.4»3.7«)«

Applying the Kolmogorov-Smirnov test, the clustering of respiratory

cancer (1968—74) around the foundry was shown to be significantly greater

at "r" = 6.0 cm than that of its control disease, male myocardial disease.

The clustering of respiratory cancer (1968—74) around the foundry

was also significantly greater than that of other cancer (1968—74)*

Moreover, the clustering of respiratory cancer there was significantly

greater in 1968—74 than it was in 1961-^7*

The distribution of other cancer was not significantly different

from that of cerebrovascular disease.
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2.1.4 DISCUSSION OF METHODS

The Fro"blora of Geographical Clustering

The identification of a significant clustering of disease can he

an elusive goal. Enumeration Districts of a census may subdivide a

population appropriately, allowing the calculation and evaluation of

the rates of disease in areas of particular interest (229). Where

the area of suspected clustering does not lie conveniently within a

group of Enumeration Districts, however, other methods must be used.

The Median Centre of mortality for a particular disease can be

located, and then compared to the locations of the Median Centres for

other "reference" (or demographically-comparable) causes of death.

When the Median Centre of the disease of interest lies well apart from

the Median Centres of the other diseases, such geographical eccentricity

may be an indication of the existence of mortality-clustering due to the

effect of some environmental toxin or pathogen. However, while the

directional relationship between the toxic and the demographic clusters

may be suggested by this technique, the precise position of the toxic

site remains unidentified.

The technique of radial cloistering and its development in the Theory

of Random Plights are useful methods for evaluating the power of dispersal

of cases around a point source of toxicity. In the present study, a

modification of these methods allowed the additional factor of prevailing

wind-direction to be included in the analyses. With further elaboration,

the principle would be applicable to problems such a3 an evaluation of
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the effect on specified mortality of distance-of-residence from a

linear source of toxicity such as a road or a river. For the

statistical comparison of data the Kolraogorov-Smirnov test has an

advantage denied to the Chi-square test; with the former, a

statistically-validated appreciation can be gained of the whole

continuum of the numerical discrepancies between the incidence of two

diseases over a given distance (see Table 2.4.3.7«)«

2.4.4.2 The Concept of a "Control" Disea.se

In radial clustering and in Random Flights (Methods 2.4.2.3.,

2.4.2.4., 2.4.2.5.), geographical clustering of disease was evaluated

without direct reliance on the population—bases provided by the

Enumeration Districts. Instead, the suspected clustering of the disease

was tested by comparing its geographical distribution with that of a

"control" disease. In so doing, the population denominator which was

common to both diseases was eliminated from the calculation, leaving

the two disease-numerators to be compared directly.

For respiratory cancer, which is still predominantly a male disease,male

myocardial disease was chosen as the "control" for several reasons.

Firstly it affects middle—aged as well as retired male age-groups

(see Discussion 2.2.4.1.). Secondly it is linked causally with

cigarette-smoking (32, 81, 107, 175, 220, 257, 413) and possibly with

general air pollution (444)• Thirdly, being a very common cause of

death under normal conditions, its annual death—totals in Armadale were
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large enough to facilitate statistical comparisons with respiratory

cancer. The largeness of its death—totals would also render of

negligible importance any addition to, or subtraction from, these

totals resulting from cardiotropic actions of respiratory carcinogens

in the polluted environment. In this context, the trend of the

anmial SMRs for myocardial disease in Armadale 1961—73 (Table 2.1.3.4.)

bore no resemblance to the trend for respiratory cancer during the

same period (Results 2.1.3.1.). Admittedly, such carcinogens

emanating from the foundry may have resulted in deaths from myocardial

disease being re-distributed within the community^ residential areas

during those years. But there is epidemiological evidence that any

such redistribution would have resulted in more deaths from heart

disease near the foundry (252) (see Discussion 2.5.4.2.). Hence such

redistribution would have tended only to render less conspicuous any

genuinely high incidence of respiratory cancer in the vicinity of the

foundry.

The other major causes of death in Armadale were less suitable

as controls for respiratory cancer. Cerebrovascular disease affects

mainly older age—groups of both sexes, and its association with cigarette

smoking is weak or absent (32, 81, 107, 257). "Other cancer" is a

heterogeneous category and also is more frequent in older age—groups

of both sexes. Like respiratory cancer, bronchitis is associated with

tobacco-smoking (108, 175» 361), urban air pollution (74t 92, 113, 313»

332, 334, 370) and with low-skill workers and their families (72, 361,

384). As a control disease for respiratory cancer in the present study,



126.

however, its major disadvantage was a numerical one: even after

including deaths from pneumonia with those from bronchitis in the

category of "other respiratory disease", the small numbers of such

deaths did not favour statistical analysis.

2«4»4»3 Hypothetical Sources of Pollution as Pericentres

The obvious source of air pollution in Armadale was the foundry.

The evidence for this was both subjective, i.e. olfactory and visual

(see Results 2.3.3»6.), and objective, i.e. the effect of wind direction

cai the daily concentration of smoke in Armadale air (Fig. 2.3.3.5*)»

and the results of the Moss Bag Study (Fig. 2.3.3.8.). Hence on

a priori grounds, only around this source was it clearly advisable

to analyse statistically the distribution of death-residences

associated with respiratory cancer (331)•

nevertheless other potential sources of pollutants were considered

a posteriori, to avoid prejudice. For the carcinogenicity of

pollutants may not be closely related to their acceptability to, or

detectability by, human sense-organs (322).

There were five other hypothetical sources of carcinogen. The

main cross—roads was considered as the site around which would be

manifested any carcinogenic effects of traffic pollutants (53, 73, 98,

166, 258a, 303, 417), - especially of benzpyrene-type substances

(57» 348). Like the crossroads but unlike the foundry, the school and



swimming—pool sites were surrounded closely by houses in which

coal—burning was the common form of space-heating. Also unlike the

foundry, these three sites were in the lower, more northerly part of

the town, to which the smoke—filled air from the higher parts of the

town would gravitate (82). Hence around these three sites, the

inhabitants would be exposed to higher concentrations of carcinogenic

products of coal—'burning (391)» including benzpyrene and carcinogenic

metals (350» 414> 417)» than those residents in the more-elevated

southern part of Armadale around the foundry.

Of the remaining two hypothetical sources of pollution, the

gasworks was considered because of the occupational risk of respiratory

cancer reported for gasworkers (94» 111» 223, 224). Residents of

houses close to gasworks have not been considered similarly "at risk"

(28l), despite the possibility of their being exposed to high

concentrations of benzpyrene in ambient air there (4.14).

finally, for reasons discussed earlier in the study (Results 2.3.3«7*3»),

the old coalmine was considered an appropriate hypothetical source of

pollution.

2.4.4.4 The Zone of Maximal Clustering

The identification of this zcaie followed inevitably from the

demonstration of definite zones of intermediate clustering in the lines

from the various pericentres, which were sited at the hypothetical sources

of pollution (Methods 2.4«2»5«2. and Results 2.4*3«5*2.}. Hence the
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possibility of observer bias was restricted to the early stage of the

method, i.e. to the identification of those "bulges" in the lines

which represented zones of intermediate clustering. This possibility

of observer—bias could be minimised by the pericentres1 lines being

scrutinised "blind" by an independent observer.
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2.1.5. DISCUSSION OF FINDINGS

2. : .3*1 Enumeration Districts

In Armadale, the deaths from the different diseases appeared more

numerous in the south-east quadrant of the town (Pigs. 2.4.3.1. - 5»).

One reason for this excess was that there was a greater proportion of

elderly inhabitants in this part of Armadale than in the rest of the

town, according to the 1966 and 1971 census data (Results 2.4.2.1.)•

When allowances were made for this age-factor (Table 2.4.3.1.)» the

disease-rates of interest there were:

(1) the significantly high rate of respiratory cancer in

EDA 13—15* which was considerably greater than the

next-highest rates in EDAs 4-6 and 16—18;

(2) the high rate of other respiratory disease in EDA 13-15

and also in EDA 4-6;

(3) the high rate of other cancer in EDA 16-18 and, to a

lesser extent, in EDA 7—9»

(4) the high rate of cerebrovascular mortality in EDA 1—3.

2.%5»1»1 Respiratory dancer: the statistically-significant excess of

respiratory cancer in EDA 13-15 was of interest. Very high levels of

metallic air-pollutants such as nickel and iron oxide were detected there
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by means of the Moss Bag Study (Results 2.3.3»5«)» Of further

speculative interest was the total absence within EDA 13—15 of deaths

from respiratory cancer in those houses which were shielded from the

foundry's fume-stack by large buildings (Fig. 2.4»3.1.)» in the lee

of such intervening buildings, air was apparently relatively free of

metallic pollutants (see Discussion 2.3*4»5*)» Conversely most of

the death—residences in EDA 13-15 lay along the path which fumes from

the foundry fume—stack would follow as they were carried in a

horizontal plane by a north-easterly airstream, and then forced around

and between these large intervening buildings.

Despite the high concentrations of metallic pollutants accumulated

in the moss bags sited in EDA 18, there was a relative scarcity of

deaths from respiratory cancer in EDA 16—18. Several factors might

have contributed to this finding. Firstly, the population there was

probably less "susceptible" (see Discussion 2.1.4*4«)» having resided

until recently in the more rural areas of West Lothian (see Results

2.4»3.). Secondly these inhabitants may have been less exposed to the

metallic pollutants, - both because of their short history of residence

in that area and because the pollutant particles deposited there by the

more boisterous south-westerly winds may have differed in size (and hence

pathogenicity)from those deposited in EDA 13—15 ty "the gentler

north-easterly winds (82) (see Results 2.3»3«2.). Thirdly, the raised

mortality from other cancers in EDA 16—18 may have pre-empted death from

respiratory cancer in some individuals (see below, Discussion 2.4«5*1*3«)»

Fourthly, as a cause-of-death, respiratory cancer is liable to be
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mis-diagnosed as "other cancer" (183, 310).

In the present study, a significantly greater proportion of female/

adenocarcinoma deaths, was distributed peripherally in Armadale than

centrally (Pig. 2.4.3.1.). The statistical significance of this result

was notable, considering that all male respiratory cancers without a

histological diagnosis had been included within the male/Kreyberg Type I

category. A similar peculiarity of distribution has been noted elsewhere

(personal communication, Professor E.G. Knox, Birmingham). Viruses and

fungi have been incriminated in the aetiology of respiratory adenocarcinoma

(132, 241, 244) ( see Introduction 1.1 ); there has been speculation

(personal communication, Professor E.G. Knox) that the peculiar geographical

distribution of respiratory adenocarcinoma might be due to such agents

emanating from an animal reservoir in the countryside and then encountering

the human population residing on the periphery of towns. It is difficult

to reconcile this speculation with the vast increase in the numbers of deaths

in the peripheral housing areas of Armadale between 1961-67 and 1968-74.

In order to do so, it would be necessary to postulate a change in one or

both of the relevant variables; either there was a vast increase in the

viral or fungal population of the countryside; or the susceptibility of the

human victims in Armadale to the carcinogenicity of these agents was

increased, perhaps by synergism with industrial air pollutants. Only for the

latter alternative is there a little inconclusive support, — inconclusive

(126, 192, 339» 372) because based solely on an analogy with the results

of animal experiments (78, 117, 118, 207, 240, 276, 431)•

The high mortality from all respiratory cancer in EDA 13—15 during



1968—74 was in complete contrast to the near—uniformity of the

distribution of such deaths in the town in 1961-67 (Fig* 2.4*3.6.).

2.4*5*1*2. Other Respiratory Disease: the relatively high rates of

such disease in the polluted EDA 13—15 consistent with the well-

documented association between bronchitis and industrial air pollution

(see Discussion 2.3.4*2.). Moreover, there was a positive correlation

in the present study between the death rates for respiratory cancer and

those for "other respiratory disease" in the various EDAs. This finding

was in agreement with the similar, but stronger, correlation reported

in another study of mortality in larger units of population in Scotland,

i.e. semi—rural communities, but excluding the populations in large

burghs and cities (79). The relative weakness of the positive correlation

in the present study may be a consequence of the heterogeneity of the

category "other respiratory disease" used in it.

There is epidemiological evidence of a pathophysiological link

between bronchitis and respiratory cancer (313, 335). The relevance of

such a link to the present study is that some cases of respiratory cancer

in its early stages may have been "masked" because of the excessive mortality

from "other respiratory disease" in EDA 13—15*

The reason for the mortality from other respiratory disease being high

in EDA 4-6 was obscure. This area was a relatively low-lying part of

Armadale; therefore smoke-filled air from higher-lying parts of the town



was liable to gravitate towards this area (82, 357)* Hence the

present finding may illustrate that association between smoke—filled

air and bronchitis which ./as discussed earlier (Discussion 2.3.4.2.).

2..1.5 .1.3 Other cancers; ominously, the distribution of "other cancers"

was concentrated maximally in EDA 16-18 (see Discussion 2.3.4«5.). It

was to that area that both heavy and light pollutants from the foundry

were carried by the prevailing south-westerly winds (Results 2.3.3.5«)»

much to the residents1 annoyance (Results 2.3.3.6•)• The second-highest

mortality—rate from other cancers was in EDA 07-09# This area was

equally close to the fume-stack of the foundry, but received pollution

from it only during calm days and when the wind was from the south.

Many epidemiologists have reported that neoplasms may develop in

more than one site of the body in response to carcinogenic stimulation.

For example, cigarette—smoking has been linked not only with neoplasia

in the respiratory system but also at other sites (246) such as the

oesophagus (107, 175) and, disputably (107) the bladder (10, 175* 391)•

Likewise in gasworkers there is excessive mortality from bladder cancer

as well as lung cancer (111). Exposure to asbestos increases the risk

of other cancer as well as lung cancer (129* 364). Cancer of the

respiratory system has been associated frequently with cancer of the upper

digestive tract (422) in populations exposed to urban and industrial

pollutants (l69» 384, 388) including metals such as iron (328, 405) and

engineering oils (422) (see also Discussion 2.3.4.5«).
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In agreement with this reported association "between respiratory-

cancer and cancers of the upper digestive tract was the demonstration,

in a previous section of the present study, that the mean SMR for

gastric cancer in Armadale 1968—73 was elevated, although not to a

statistically-significant degree (see Pig. 2.1.3.9.) (280). Within

Armadale, moreover, the pattern of the geographical distribution of

the cancers of the upper digestive tract (i.e. oesophagus, stomach,

pancreas) was also consistent with the results of the epidemiological

studies cited above. For example, cancers of the upper digestive

tract formed the highest percentages of "other cancers" in EDA 13—15 and

EDA 16—18; these areas were maximally exposed to metallic air

pollution fron the foundry because of the direction of the prevailing

winds. An intermediate percentage of such mortality was found in

EDA 7—9 and 30; although equally close to the foundry, this area was

not so vulnerable as a consequence of the prevailing airflow. Lowest

percentage of such mortality was found in "other EDAs" which were least

exposed to such pollution. Because of small numbers, however, these

differences in distribution were not statistically significant at the

95$ level of significance.

2.4.5.1*4 Cerebrovascular Disease: the grounds for the clinical

diagnosis of this cause of death are often suspect• This diagnosis

may be given to some cryptic respiratory cancers (183). It is

conceivable that in some instances the thrombotic tendency sometimes

associated with malignant disease (192, 289) may be responsible for

such difficulties of diagnosis.
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In the present study, mortality from this cause was considerably

higher in EM 1-3 than in the areas with the next highest rates, EDAs

7-9» 13-15 arid 16-18 (Table 2.4«3.1»)# which were those sited close to

the foundry. The reason for this pattern of distribution was not

clear, but it was of interest that the death rate for male myocardial

disease was also elevated in EDA 1—3»

2.4.5.2 Median Centres of Mortality

The southward displacement of the Median Centre for respiratory

cancer 1968—74 was noted (Results 2.4«3«2.). This finding was consistent

with there being a cluster of such deaths in the southern part of

.Armadale, which was not attributable to purely-demographic factors in the

population.

2»4«5»3 Radial Clustering

A statistically-significant excess of respiratory-cancer deaths

compared with male deaths from nyocardial disease was present in the

vicinity of the foundry. Similar evidence of clustering of respiratory

cancer around other hypothetical sources of pollution was not demonstrable.

2.4«5«4« Radial Clustering modified by the Factor for VJind Direction

The same ratio of respiratory cancer to myocardial disease was

significantly excessive only when the rectangular modification of the radial

pattern of clustering conformed with the predicted dispersal-pattern of
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carcinogenic pollutants from the foundry fume-etack, as imposed "by the

prevailing winds.

The finding was in agreement 'with the results obtained when the

mortality from respiratory cancer within the EDA to the north of the

foundry (EDA 7-11 & 30) was contrasted with the mortality in the EDA

to its southwest (EDA 13-15) (see Table 2.4.3.2.C.).

2.4.5«5 Application of the The017,' of Random Flights

The use of this technique in the present study resulted in several

interesting items of information.

Pericentral clustering of respiratory cancer was significantly

greater around the foundry than around other hypothetical sources of

pollution.

Around the foundry, the percentage distribution of respiratory cancer

in 1968-74 differed significantly not only from that of male myocardial

disease, but also from the distributions of other cancer,, and of

respiratory cancer in 1961-67. The mortality from respiratory cancer

there was clearly excessive during 1960—74.

The Zone of Maximal Clustering of respiratory cancer was situated
within EDA 13—15s where the mortality rate from respiratory cancer was

previously shown to be maximal (Results 2.4.3.1.)f and where high levels

of airborne metallic pollutants were detected at site 5 in the Moss Bag



study (Results 2.3.3.5.). The siting of the Zone of Maximal Clustering

in EDA 13—15 was also consistent with the findings for the Median Centre

of mortality for respiratory cancer (Results 2.4»3.2.).

The perimeter of the cluster of respiratory cancer deaths around

the foundry ./as at a radius of approximately 500 metres from the foundry

(Results 2.4.3»5*1» 2.4.3»5«4»)» the Kolmogorov-Smirnov statistic

was also maximally significant at this radius (Table 2.4«3.7*)» This

perimeter was only a hypothetical one, since its circular course did not

follow the elliptical pattern of clustering which may have resulted from

the effect of wind-direction (Discussion 2.4»5*4«)• Nevertheless, this

perimeter's radius conformed with two previous findings. Firstly, it

was very similar to the radius (500 metres approximately) of the equally

hypothetical circular area within which the moss hags had adsorbed high

concentrations of metallic pollutants from the foundry (Results 2.3.3«5«)

Secondly, it was in agreement with the results of the purely mathematical

model for dispersal of pollution from a chimney (see Discussion 2.3.4«5»)
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2.5 TESTING THE HYPOTHL'315

2.5.1 INTRODUCTION

In Armadale most of the victims of respiratory cancer 1968—74

differed from the victims of other common diseases in that they resided

in the area of the "burgh where there were high coneentratiens of air

pollutants from the foundry. This association had developed only since

1968, around which time specific technological methods had been

introduced into the steel-making process at the foundry. It was

decided to test the reproducibility of the association between

respiratory cancer and residential proximity to a similar foundry.

There were two foundries in the town of Bathgate, about 4 miles

(over 6 km) east of Armadale. The following factors there were

investigated : i) the technological processes used in the foundries;

ii) metallic air pollution in the residential

neighbourhood near a foundry;

iii) the geographical distribution of the death-residences

of recent victims of respiratory cancer; particular

importance was attached to the mortality in areas of

the burgh "at risk" from air pollution from the

foundries.

There were two other potential, but distant, sources of pollution of

the air in .Armadale (see Results 2.3.3.6.). Firstly, about 15 miles

(24 km) south-west of Armadale was the large Ravenscraig steel-making

complex of the British Steel Corporation in Motherwell, Lanarkshire.
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Secondly, air and water samples from the burning bing near Whitburn,

about 4 miles (over 6 km) south-west of Armadale, had yielded high

concentrations of sorae metallic carcinogens (see Results 2.3.3.4*t

2.3.3.7.3*)• It was decided to investigate whether or not pollution

frail these two sources might have harmed the population of Armadale.

Therefore, the mortality from respiratory cancer within the communities

of Motherwell/Wishaw and of Whitburn was appraised.

In none of these three communities, (i.e. Bathgate, Whitburn and

Motherwell/Wishaw) was the mean SI® for respiratory cancer 1968—73

exceptional (see Results 2.3.2.1•)•
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2,5.2. METHODS

2.5.2.1 Mortality from Respiratory Cancer in Bathgate

Information about the two foundries in Bathgate was sought from the

staff of the Industrial Pollution Inspectorate and from the managers of

these foundries. Some features of their metallurgical processes were

compared with those of the Armadale foundry, (see Results 2.3.3.6.)•

Contemporaneous with the Moss Bag Study in Armadale (see Methods

2.3.2.5.)» moss bags were positioned horizontally at 2 sites in Bathgate.

One site was close to (about 200 metres from) the foundry which appeared

technologically-similar to the Armadale foundry. The other site was

over 1,000 metres east of this foundry. The metallic constituents of

the moss bags were analysed at the end of thirty days (see Methods

2.3.2.5.). Information about the wind directions during this period

was obtained from the Meteorological Office, Edinburgh.

The numbers of deaths from respiratory cancer 1968—73 in the burghs

of Bathgate, /hitburn and Linlithgow were obtained from the publications

of the Registrar General for Scotland (see Methods 2.1.2.1•). The

numbers of their inhabitants aged 45 years and over were obtained from

the 1971 census data. The Relative Risk of death from respiratory

cancer during 1968—73 amongst the appropriate age-group of Bathgate's

population (i.e. 45 years old and over) was compared statistically with

the comparable mortality in the combined populations of //hitburn and

Linlithgow (see Methods 2.1.2.3.)•
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On a street-tnap of Bathgate (scale: 6 inches per mile) the

death-residenee was marked of each victim of respiratory cancer noted

in the parish death certificates between 1966 and 1974. The population

of the burgh was subdivided by the boundaries of the Enumeration Districts

for the 1966 census. Geographically—related Enumeration Districts were

grouped into small areas (EDAs). The number of death—residences within

each of these areas was counted. Mortality rates for respiratory

cancer in these areas were derived from population data for the EDAs at

the 1966 census. These rates were: (i) per 1,000 total populations,

and (ii) per 1,000 male populations aged 45 and over.

For the EDA population vulnerable to air pollution from the foundry

similar to the Armadale foundry, these mortality rates were contrasted

with those of the rest of the burgh's population; statistical significance

of the difference was evaluated by means of the Chi-square test with Yates'

Correction. In addition, the expected number of male deaths in this

"at risk" EDA was calculated from the mortality from respiratory cancer

in the various male age—groups in the remainder of the burgh (see

Methods 2.4.2.1•); this expected number was then compared to the

observed number of male deaths from respiratory cancer there.

The proportion of ageing people (aged 60 and over) in this "at risk"

EDAs total population in 1966 was compared with the proportion in

approximately the same area as demarcated in the 1971 census.
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2*5*2,2 M ortality from Respiratory Cancer in Mother.veil

Information about air pollution in the area around the Ravenscraig

steel complex in Motherwell and about the metallurgical processes there

was obtained from the Department of Environmental Health in Motherwell

and from the Manager (Chemical and Environmental Services)of the British

Steel Corporation in Motherwell,

Death certificates of residents from Motherwell—Wishaw 1969—70

were examined. The numbers of deaths from respiratory cancer, from

other cancers (excluding breast, prostate, vagina and cervix uteri)

and from myocardial disease in males were counted. The totals for each

cause of death were segregated into Motherwell deaths or into Wishaw

deaths, according to the street-addresses of the deceased. The ratios

of respiratory cancer to other cancers and to male myocardial disease

in each community were compared with each other and with the ratios in

West Lothian communities.

2,5»2.3 Mortality from Respiratory Cancer in Whitburn

The Whitburn parish death-certificates for the years 1965—74 were

examined. The death-residences of victims of respiratory cancer were

platted on a street map. For geographical analysis, the residential area

of the town was divided into quadrants (332) by the 4 main roads which met

at the crossroads near the burgh centre, (These quadrants contained

unequal proportions of the hoiising area; the residential area of the

southwest quadrant was almost as large as the combined areas of the
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other 3 quadrants.). The numbers of death—residences of victims of

respiratory cancer in the southwest quadrant — which was the quadrant

closest to the burning bing — were compared with the numbers in the

rest of the community during the years 1965-69 and 1970—74*

Many "Glasgow-overspill" immigrants settled in ifliitburn during the

late 1960s. The question which had to be answered was: how many of

these immigrants were amongst the deaths from respiratory cancer in

Whitburn during 1966-74? The name3 and addresses from the respiratory-

cancer death certificates for 1968—74 were sought in other files so that

residence in Whitburn in 1961 could be confirmed. These files included:

the electoral roll for 1961, the list of tenants of the Local Authority»s

Department of Housing, Medical Records at Bangour Hospital, and the

records of local general practitioners.



BATHGATE • = RESPIRATORY CANCER DEATHS 1966-74 ('HOUSINGI

Fig. 2.5«3»1« Map of Bathgate (scale as shown), illustrating:

(i) the death—residences of the victims of respiratory

cancer 1966—74t (death certificate data);

(ii) the sites of the two foundries;

(iii) the positions of the moss hags;

(iv) the outlines of the areas of housing; and

(v) the outlines of the Enumeration Districts of the

1966 census, (note: district 12 * districts 11 and 12).



2.5.3 RESULTS

2.5*3.1 "ortality froa Respiratory dancer in Bathgate

There were two foundries in Bathgate. According to staff of the

Industrial Pollution Inspectorate, the foundry in the north-west quadrant

of the town (Fig* 2*5*3.1*) was technologically similar to the Armadale

foundry, although much smaller than it* Like the Armadale foundry, for

instance, it had a small fuiaestack without a dust extractor, and ferric

oxide was used in its industrial process (see Results 2.3*3*6*)•

Unfortunately, however, the manager of this foundry did not wish to

co-operate "by providing useful information, - such as the date when this

process was introduced there. Ey contrast, in the larger foundry in

southern Bathgate, the metallurgical procedures involved oxygen-lancing in

place of the ferric oxide process; moreover, the furaestack of this

foundry had "been fitted with a dust extractor.

The analysis of the metallic constituents of the moss "bags revealed

high concentrations of metallic air pollutants (apart from cadmium) in the

residential area close to the Armadale—type foundry, hut much lower levels

at the more distant site (Table 2*5*3*1•)• The frequencies of wind

directions during the time when the moss bags ware exposed were not abnormal

(data on Metform 6910 provided by the Meteorological Office, Edinburgh).

At the 1971 census, there were 4»625 inhabitants of Bathgate aged

45 years and ovar. For the 2 neighbouring burghs of Whitburn and

Linlithgow together, the corresponding number .-reus 4,345* Between

1968 and 1973, according to the Annual Reports of the Registrar General,
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Metal Level (jxg/cm /30 days)

Bathgate Site: Iron Lead Zinc Manganese Nickel Cadmium

close to foundry

further from

foundry

15

4*8

0.36

0.22

0.28

0.14

0.34

0.10

0.12

0.040

0.017

0.027

Table 2.5.3.1. Moss bag study in Bathgate: levels of various metals in

moss bags exposed to environmental air for 30 days in 2 sites - (i) 200
metres north of, and (ii) over 1,000 metres east of the foundry

technologically similar to Armadale foundry.

lieath rates,per 1000
Census

EDAs,1966
popul¬
ations

populations,
males,45+yrs•

respir. Cancer
deaths 1966—74

total
populations

males aged
45+ysars

01-02 1849 299 8 4.33 26.76

03-04 1255 239 7 5.58 29.29

0^-06 879 159 3 3.41 18.87

07,10 1410 156 4 2.84 25.64

08-09 1308 239 20 15.29 83.68

11-12 1304 212 12 9.22 56.60

13,14 855 150 6 7.02 40.00
1twJ7
• J • 1 333 A A

1 1
n r\ a

1 •W

18-22 3724 2333 13 3.49 55.79

Statistical significance of difference in mortality (in male ]Dopulations

aged 45 years and over) between EDA 08-09 and the other EDAs of Bathgate:

Chi-equare = 10.8855» p <0.001.

Table 2.5*3.2. Bathgate burgh: grouped EDAs with their 1966 populations
(total, and males aged 45 years and over), numbers of deaths from
respiratory cancer 1966—74, and death rates from respiratory cancer?
(sources: census data 1966; parish death certificates).
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51 people died in Bathgate from respiratory cancer, as against 37

people in Whitburn/Linlithgow. Derived from these figures, the

Relative Risk for Bathgate's vulnerable population was 1.295. This

result, together with the unexceptional values of the annual SMRs

for respiratory cancer in Bathgate between 1961 and 1974

(Pig. 2.1.3.l0.b.), indicated that, in Bathgate as a whole, the

incidence of respiratory cancer was not abnormally high.

Directly to the east of (i.e. downwind from) the Armadale—type

foundry in Bathgate was the area EDA 08-09 (Pig. 2.5.3.1 •)• The

mortality rates from respiratory cancer in the population of this

area were significantly higher than elsewhere in Bathgate (Table

2.5.3.2.). During 1966—74 there were 18 male deaths in that EDA;

but on the basis of age—related mortality from respiratory cancer in

males from the rest of the burgh, the expected number of male deaths

was 8.7» - a discrepancy which was statistically significant

(p < 0.005).

Like EDA 08-O9, area EDA 11-12 was sited to the east of the foundry,

although further from it; in this latter area was found the second-

highest mortality rate from respiratory cancer.

The area directly to the west of this foundry was 3parsely

populated, and the housing there was of recent construction. Remarkably,

there was only one death from respiratory cancer in Enumeration District

07, an area where the houses were on the slope of a hill and closely

overlooked the foundry, but from a northerly direction; the sole



death—residence there was at the near perimeter of this District, — i.e.

closest to the foundry. Mortality was also low in the older part of

the town directly to the south of this foundry (SDA 04-06).

The larger foundry in southern Bathgate was flanked on the west and

east by unpromising epidemiological material: on the west were 2 graveyards,

and on the east were a golf course and railway marshalling-yards. In the

populations of the residential areas distal to these sites (i.e. EDAs 01-02

and 15-17), and also directly to the north of the foundry (i.e. Enumeration

Districts 10 and 14)» the incidence of respiratory cancer was unexceptional.

In the area EDA 08-09 (1966 census) as well as in the approximately-

coterminous area EDA 08—10 of the 1971 census, the ageing males formed 8%

of the total residents: i.e. in 1966 there were 104 males aged 60 years

and over in a population of 1,308, whereas in 1971 the corresponding numbers

were 123 out of 1,563# Hence there was no evidence of a change during this

time in the age-structure of the population associated with the high

incidence of respiratory cancer in this area,

The geographical distribution of these deaths from respiratory cancer

afforded no grounds for attributing the similar mortality in Armadale to

pollution from either of the Bathgate foundries.

2.5.3*2 Mortality from Respiratory Cancer in Motherwell

The ratios of deaths from respiratory cancer to deaths from other cancer
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in both Notherwe11 and Wishaw did not differ appreciably from those

ratios found in several "normal" communities in West Lothian

(Table 2.5.3.3.)» but were considerably lower than the ratio in

Armadale 1968—74.

The ratio of respiratory cancer to male myocardial disease for

Motherwell was similar to that for Wishaw (Table 2.5.3.3.)•

The Ravenscraig steel complex has residential areas of Motherwell

on the northern, western and southern aspects of its perimeter. Yet

there was no evidence that the relatively low mean 3MR for respiratory

cancer 1968-73 in Motherwell—Wishaw (see Pig. 2.3.3.1.) was the net

result of high mortality in Motherwell and low mortality in Wishaw.

The steel industry in Ravenscraig, Motherwell, was not technologically

comparable to that in Armadale and Bathgate. In the Ravenscraig foundries,

for example: (i) there was little involvement with either the

electric-arc type of furnace or the ferric oxide process, — techniques

which were ased in the .'irmadale-type foundries; the oxygen-lancing

process was used at Ravenscraig, as in the larger of the Bathgate foundries;

(ii) stainless steel was not produced at the Ravenscraig foundries;

(iii) the fume-stacks of these foundries were high (36 metres, approximately),
— i.e. nearly 3 times higher that the Armadale fume-stacks; (iv) equipment

for dust-arrestment had been fitted to the fume-stacks at Ravenscraig.

Samples of the dust-eraissions from various sites within Ravenscraig

yielded large concentrations of alumina and silica, and lesser amounts of
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iron oxide (personal communication: Mr. J. Little, Manager, Ravenscraig).

There ./ere smaller "but variable percentages of zinc, canganese, lead,

chromium and nickel (Table 2.5.3.4.)• The concentrations of these metals,

however, varied considerably according to the nature of the scrap metal

being utilised in the furnaces.

The monthly levels of gross air pollution (dust and smoke) at various

sites around Ravenscraig were maximal to the northwest and north of

Motherwell. One site directly to the west of the complex and one in Wishaw

had intermediate levels. The lowest levels were found in other sites to

the west of Ravenscraig and in Wishaw. Various authorities in Motherwell

considered that the greatest contributions to these levels for smoke came

from domestic sources locally and from industrial sources in Slasgctr.

The smoke levels in and around Motherwell/Wishaw were consistently

lower than those in Armadale (see Appendix 3.2.2.4.)• These results,

together with the finding that deaths from respiratory cancer were almost

equally distributed between Motherwell and Wishaw, led to the conclusion

that the Ravenscraig foundries were unlikely to have been the sources of

toxic air pollution in Armadale.

2.5.3.3. Mortality from Respiratory Cancer in Whitburn

For the whole period 1965—74» a large proportion of all Whitburn's

respiratory-cancer death-residences was located in its southwest quadrant;

this proportion was only what was to be expected, in view of this quadrant's

large proportion of the total residential area of the burgh (Methods 2.5.2.3.).



Number of death—residences (respiratory
cancer) in various quadrants of Whitburn

South—west as

55 of total

1965-69

1970-74

North-west North-east South-east South-west

3 10 7

3 2 5 7

63

41

Table 2,5,3,5 Respiratory cancer in Whithkrn: numbers of death-
residencies in the residential quadrants during 1965-69 and 1970-
74? numbers in south-west quadrant expressed as percentages of totals
during these 2 periods, (Source: parish death certificates).
Note: new housing estates were built in the south-east quadrant during the
late 1960s.



The proportion of such deaths in the southwest quadrant did not change

between the latter half of the 1960s - when the bing was only just

beginning to burn offensively - and the first years of the 1970s

(Table 2.5.3.5.)•

Of the 31 death certificates in which death was attributed to

respiratory cancer between 1968 and 1974» only four names had no

history of residence in Whitburn or East Whitburn in 1961; these four

individuals were presumably immigrants from Glasgow.

Of the other 27 death certificates, the residential histories of

18 individuals were obtained from the local Housing Department; the

electoral roll for 1961 yielded the names of 14; general practitioners

assisted with 4 individuals; and in 2 cases the evidence was found in

case-notes at Bangour Hospital. Thus for 11 of these individuals,

evidence of residence was obtained from. 2 sources, — the Housing

Department and the electoral roll.

Of the death—residences of the 4 presumed immigrants from Glasgow, only

1 was located in the southwest quadrant of Whitburn. Thus there was no

evidence that the unexceptional geographical distribution of the

death—residences in Whitburn was an artefactual consequence of immigration.

The mean 3MR for respiratory cancer 1968—74 in Whitburn was low

(see Fig. 2.3.3.1.). Signs of distinctive clustering of the relevant

death—residences within the burgh were absent. Hence there were no grounds

for considering the potentially toxic constituents of the Whit^nrn coal—bing
and its fumes (see Tables 2.3.3.6. and 2.3.3.8.) as the major source of

air pollution in Armadale.
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2.5.1 DISCUSSION OF FINDINGS

2.5*4*1 Mortality from Respirators'- Cancer in Bathgate

One of the two steel foundries in Bathgate utilized the metallurgical

techniques also used in the Armadale foundry, although on a smaller scale.

Deaths from respiratory cancer were significantly excessive amongst the

inhabitants of the residential area immediately downwind from, and on the

eastern side of, that foundry. The housing area on the western side of

the foundry was of recent construction: as with the housing area to the

east of Armadale's foundry, therefore, it was difficult to evaluate the

mortality there. Nevertheless it was noticeable that in all Enumeration

Districts adjoining these two foundries in Armadale and Bathgate, a large

proportion of the relevant death—residences were in the rows of housing

closest to, - or most exposed to,- fumes from the foundries (Figs.2.4.3.1•

and 2.5.3.1•)•

The results of the small moss-bag study in Bathgate conformed to

the similar results in Armadale.

2.5.4*2. Mortality from Respiratory Cancer in Motherwell

The technological processes used in the steelworks at Motherwell

differed in many ways from these in the Armadale foundry.

There was no evidence of excessive mortality from respiratory cancer

in Motherwell- ."ishaw as a whole. Nor did the indices of that cause of

death for Motherwell exceed in value those for lishaw, which was more

distant from the Ravenscraig steelworks (Table 2«5»3.3.)•
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Despite these indications, however, it would be rash to discount

totally the possible carcinogenic influence of pollutants from such

steelworks. It is conceivable that the "susceptibles" in the

population there had been eliminated in previous years (250, 350» 390).

Moreover "in disease, one stream of morbid action naturally falls into

another" (335)J it is possible that potential recruits to the death-totals

for respiratory cancer might have succumbed prematurely to cardiovascular

or to other respiratory causes of death as a result of exposure to

industrial pollutants (130, 184, 252, 443, 444).

In any further investigations of mortality in Motherwell—Wishaw,,it

would be advisable to monitor for at least a decade the annual SMRs for

common causes of death including respiratory cancer# The age and sex

distribution of cancer victims there should be analysed, and the

possibility of selective emigration from the area should be investigated#

2>5.4.3 Mortality from Respiratory Cancer in Whitburn

Since the mid-1960s the community of Whitburn has been troubled by

fumes from the smouldering coal bings nearby# Coal combustion is a

potent source of potentially—toxic and carcinogenic chemicals such as

benzpyrene—type substances (414, 417» see Discussion 2.3#4#3#) and metals

such as arsenic, lead and beryllium (350* 391» see Discussion 2#3#4«4.).

Despite this potential health—hazard, however, there was no evidence

that the fumes from these coal bings had resulted in excessive mortality

from respiratory cancer in that community between 1968 and 1974
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(see Pig. 2.1.3.10.). Hence it was extremely unlikely that these

fumes could have been responsible for the mortality from respiratory

cancer in Armadale since 1968.

IJhitburn's mortality data for respiratory cancer might have been

affected by the influx of immigrants from the Glasgow area during the

1960s. Such a possibility was investigated and found to be insignificant.
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3.1 CONCLUDING DISCUSSION

3.1.1 Criteria for Causation in Epidemiology

At the beginning of this thesis, certain criteria were proposed

(General Introduction 1.1.)• These criteria constituted the guidelines

which were adopted, in the present study, for indicating epideraiologieally

the probable nature of cause—effect relationships determining abnormal

distributions of disease in communities. The fulfilment of such criteria

was an important aim in this epidemiological investigation.

In the present examination of the problem of respiratory cancer, these

criteria have, in general, been satisfied. The criteria, and the way in

which each has been fulfilled, are listed below:

(1) Statistically-based evidence of disease in the population: by

means of various statistical tests, the excessive morbidity

and mortality from respiratory cancer in Armadale as a whole

(Discussion 2.1.4.4.)» and in one part of this burgh

(Discussion 2.4.5*)» were demonstrated.

(2) Epidemiological evidence relating the disease to one or more

environmental factors: the mortality from respiratory cancer

in Armadale was linked with exposure to ambient air which had

been adulterated by fumes from the local foundry. In this

foundry, there were several technological features of relevance

to the quality and quantity of these fumes: (i) the ferric—oxide

type of metallurgical process was used in the foundry; (ii) the

resulting fumes were not "cleansed" appropriately before being
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jettisoned into the community's airspace; and (iii) the

effective dispersal of the fumes in the atmosphere was

inhibited because the fume-stack was of inadequate height

(Results 2.3.3.6.).

A biological dose—response gradient in the epidemiological

findings: with allowances made for the factor of wind

direction, the mortality rates for all cancer (including

respiratory cancer) in Armadale's EDAs corresponded

approximately to the amount of pollution which those areas

received from the foundry (Results 2.3.3.5« a«d 2.4.3.).

A similar distance—related trend for respiratory cancer was

found in the EDAs to the east of Bathgate's relevant foundry

(Results 2.5.3.1•)• In Armadale, the circular area of the

town which was demonstrably receiving gross metallic pollution

from the foundry was similar to that area within which, it was

calculated, there was a clustering of the deaths from

respiratory cancer (Discussion 2.4.5«5.)«

A time—relationship between a change in the degree of pathogenic

stimulation and a subsequent change in incidence of disease:

there were several noteworthy changes in the type and scale of

metallurgical activity in the Armadale foundry during tle

mid-1960s (Results 2.3.3.6.). In 1967» also, the SMR for

respiratory cancer there started to rise abruptly, reaching a

high value in 1968, and persisting around that value until the

last calculated SMR in 1974 (Results 2.1.3.2.).
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(5) Specificity of the association between stimulus and response:

although non-carcinogenic effects of the pollutants in

Armadale could not be excluded, it was probable that such

effects were negligible in comparison with their carcinogenic

actions (Discussion 2.4«5«1*1•)• However, there were

indications that these pollutants may have proved carcinogenic

not only in the respiratory system but also in the upper

digestive tract and elsewhere (Results 2*4*3•1«)•

(6) Evidence that a similar association between stimulus and

response exists elsewhere: the same relationship between an

Armadale—type foundry, wind direction, and clustering of

respiratory cancer in an adjacent residential area was

demonstrated in Bathgate.

(7) Evidence that a similar disease can be produced in experimental

animals by the same stimulus: as mentioned in the text, there

is laboratory evidence of the cai*cinogenicity of dusts, ferric

oxide particles and other metals in the emissions from steelworks

(Discussion 2.3.4«4.).

3.1.2 Preventive Medicine and the Community Medicine Specialist

In satisfying the epidemiological criteria for causation, most of the

aims of the present investigation have also been fulfilled (General

Introduction 1.2.). The role of Preventive Medicine in a situation such as

that described in this study requires to be elaborated, however.
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In the particular context of Armadale, specific remedies which

could be implemented immediately include:

(i) applying standard dust-control mechanisms to the

offending fume-stack;

(ii) increasing the height of this fume-stack to alio* for

effective dispersion of the emissions (420); and

(iii) shielding the adjacent residential areas from fumes

by planting pollution-resistant trees and shrubs inside

the foundry perimeter (88, 409» 418).

In a more general context, more wide—ranging measures of Preventive

Medicine might be organised effectively by a Community Medicine Specialist.

As was found in the present study, hospital pathologists, local general

practitioners, Industrial Pollution inspectors, Environmental Health Officers,

River Pollution officials, and members of the Housing and Planning Departments

of the local authority are usually very willing to co-operate in the

investigation of health hazards in or near their own residential or working

environments•

In monitoring the health of the communities in his area, the Community

Medicine Specialist could develop a considerable range of monitoring techniques.

Preferably in collaboration with local general practitioners, he might apply

featurecards (56a, 327a) to the epidemiological analysis of residents® health

problems. The construction of maps illustrating the geographical siting

of industries and the distribution of various diseases in the community



157.

(140a, 203» 270) would allow the prevalence and incidence of the diseases

in different parts of the community to he compared purposefully and

contrasted both in time and by geographical area. Parenthetically,

quality-control statistics might be useful in evaluating any changes in

the disease—rates (216).

In the present study, the use of techniques such as these exposed the

existence of high death rates for cerebrovascular and myocardial diseases

in the population of Enumeration Districts 1—3 in Armadale (Discussion

2.4.5.1•)• This finding is still unexplained, and awaits further

investigation.

Moss—bag studies might assist the Community Medicine Specialist to

pinpoint residential areas exposed to high concentrations of toxic metals

in polluted air from industrial sources; and thereby might enable him to

select the most appropriate sites for installing conventional air-sarupling

machines for subsequent, more intensive, studies.

In performing tasks such as these, the Community Medicine Specialist

might well discover epidemiological problems, for which more sophisticated

research methods would be required. For example, in the present study it

would have been highly pertinent to detect all the metals (and to measure

their concentrations and particle-eizes) which were being emitted from the

foundries geographically associated with respiratory cancer; these

measurements could then have been contrasted with similar data from other

foundries.
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Moreover it is conceivable that the metals studied in Armadale were

only nan-causally associated with the cancer problem: and that the direct

carcinogenic stimulus came from other chemicals, or from viruses, fungi or

bacteria, whose pathogenicity had been exacerbated by the metallic air

pollutants (419). For this type of systematic ecological investigation

(204), the Community Medicine Specialist would be well placed to liaise

with paraclinical specialists in universities, technical colleges and

research institutes.

Having investigated the epidemiology of a health—hazard, the Community

Medicine Specialist would then co-ordinate action aimed at reducing or

eliminating such a hazard. It would he advantageous for him to

collaborate closely with the appropriate District Medical Officer, with

medical staff concerned with Environmental Health at the Area Health Board,

with Environmental Health Officers of the local authority, and with officials

of the Industrial Pollution Inspectorate and of the Employment Medical

Advisory Service. Such a team would be well qualified to make contact

with managers of offending factories, and to obtain their co-operation

in solving the relevant problems of pollution.

By making such activities an important part of his service-commitment,

the Community Medicine Specialist might enable Preventive Medicine to match,

in the field of "non-communicable" disease, that success which it won

previously in controlling communicable diseases (lOO, 104, 201a, 270a, 383a, 395a).
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3.1.3 The Statistical Approach

In conclusion, a common mistake in epidemiological statistics is the

application to "a posteriori" hypotheses of statistical methods appropriate

for evaluating "a priori" hypotheses (331, 373a). Yet many "biologists

would not accept entirely the implications of a statistician's assertion

that "epidemiology is concerned largely with the study of observations

which are subject to randan fluctuations" (214). Biologists are aware

that the history of science is a sequence of demonstrations of causal

relationships, — where none had been previously suspected. Hence they

could point out that biological events - whether singly or in groups - are

considered "random" only until their causes have been discovered (100).

They are equally well aware that, because of the recognized "transience of

expert knowledge" (307a), it is customary for "new truths to begin as

heresies and to end as superstitions" (30a). Therefore many biologists

feel that the collection of data in accordance with orthodox premises

(themselves derived from transient "expert knowledge") in order to analyse

deductively an a priori hypothesis should be accompanied by the less

prejudiced gathering of additional information; this information should be

used to formulate, test and - when possible - discard other less obvious

hypotheses, based partly on intuition and partly on inductive reasoning (48a).

In the present study, the four major conclusions were reached by means

of the dual approach; diagnosis by deduction, and then by exclusion.

These conclusions were:

(i) the major canponent of the increased Standardised Death

Rate in Armadale since 1968 was respiratory cancer;
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within that town there was significant clustering of

the residences of the victims of respiratory cancer

in areas near the foundry;

in these same areas, there was a considerable amount of

air pollution by metallic dusts, which emanated —

probably exclusively - from the region of the foundry;

in the light of present knowledge arid the findings in

this thesis, it was considered that such air pollution

could have contributed towards the high incidence of

respiratory cancer within the town.
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3.2 APPENDIX

3.2.1 Historical Back/Ground

3.2.1.1 Armadale

The "new" Armadale was founded in 1790 by a Sir William Honeyman.

He named the settlement after the little fishing village of that name

in Sutherland, where he owned large estates (186a). "Prom a moorsi.de

hamlet in 1841, Armadale developed rapidly in the subsequent 20 years,

primarily as a result of its proximity to exploitable resources of

coal, ironstone and limestone. During the 1860s the establishment

of Dr. Young's Paraffin and Chemical Works in neighbouring Bathgate

was a further incentive for growth. In the latter thirty years of the

19th Century the town developed rapidly following the establishment of

iron and steel foundries* and a brick and tile works, both enterprises

being based on the natural resources of the locality ..... The Burgh is

exposed to adverse weather conditions, especially from prevailing western

winds driving rain across the windswept moors to the west of the Burgh"

(295).

3.2.1.2 '/hitbum

"The Burgh of 'fliitburn spreads out along the open valley of the

River Almond...... As in the case of Armadale, Whitburn is also located

in a most exposed situation, with the land rising southwards from the

burgh to extensive peat moorlands which are dominated by the bings of

the collieries.....:dxile originating as a coaching station an the main

Edinburgh-Glasgow road, with a principal industry of weaving, ..bitburn

expanded to its present size mainly as a result of coal mining and the
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extraction of fireclay during the late 19th and early 20th centuries.

The settlement was created a Police Burgh in 1861, when the total

population was approximately 1,400" (295)*

3*2.1.3 Bathgate

"Its area is one of long settlement, with records indicating that

Bathgate was the seat of a moated castle in the 14th century, while the

Knights of St. John of Jerusalem established their Scottish Headquarters

at nearby Torphichen in 1153"« But .Bathgate 'lias basically developed to

its present size over the last 100 years as a result of the growth of

coal and steel based industries. The opening of the Bathgate—Edinburgh

railway in 18|8# and the establishment of Dr. Young's Chemical Works ••••••

in 1852, to extract oil from caimel coal, and the subsequent building of

an iron foundry are the major historical landmarks in the economic

development of the town. Since the Second World War the economic base of

the burgh has been widened to include motor vehicle manufacture and light

industry, including electronic manufacturing " (295)*

3.2.1.Linlithgow

"The settlement has benefited from its geographical location in the

broad valley which runs east—west over the County close and parallel to the

Forth shore: the lower land ensured both good communication from Edinburgh

to the .rest, and good agricultural soils provided a sound base for settlement.

Linlithgow's site in this valley incorporated.....also locally sharper relief

which afforded an excellent strategic "look out" for an early defence point
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and. later the Palace. It .ras here that Mary, Queen of Scots was bom.

The Burgh was for a time virtually the capital of Scotland, (a function

echoed in its present status as County Town)...•until the occasion of the

accession of James VI of Scotland to the throne of England. "During the

16th century, many Scottish parliaments were held in Linlithgow, and it

virtually became the administrative capital while the plague was rife in

Edinburgh. ..•.Linlithgow's industries were generally agriculturally based,

but it was also a centre for the manufacture of damasks, muslins and linen

yarns, as well as woollen hosiery and carpets.....Linlithgow has largely

lost its traditional trades and crafts and has acceded to its new role

as a residential town......The town must attract immigrants by its proximity

in time to bcth Edinburgh and Glasgow" (295)*

3.2.1.5 Queensferry

"This is one locality in /est Lothian in which dereliction is very

little in evidence and the whole area gains its charm and picturesque

qualities from the long views over the Forth to Fife and from the woodlands

and hedgerows maturing on the Estates".

Apart from its fishing, the community was "almost entirely agriculturally

based and those people who /ere not farmers worked in one of the many craft

trades such as smithing and tailoring". nowadays it serves also as a

commuter town, forming "one of the most attractive recipient areas for

the•.•.up-and-coming executive owner—occupying groups" (295).
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3.2.2 MISCELLANEOUS DATA

Appendix 3.2.2.1 Population pyramids for 1961 and 1971 of .Vest Lothian

and 5 of its burghs: the comparative age-and sex-related likelihood of

mortality for each of these communities is visualised more readily in

the corresponding Index Rates (Pig 2.1.3.1. and Table 2.1.3.1. in

Results 2.1.3.1.).
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Appendix 3.2.2.2 Populations, by age and sex, of various burghs of West

Lothian and Lanarkshire. For Armadale, Bathgate and Whitburn the numbers

in the age and sex groups for the intercensus years were derived by

interpolation between the numbers given in the census publications for

1961, 1956 and 1971» after 1971 f the numbers were derived by extrapolation

from the data for the 1971 census. For the other burghs, the intercensus

populations were estimated by extrapolation from 1971•

Irs. t-U' an Tana data for the "Small burghs ->n 1956, the numbers of persons

aged 85 years plus wore included in the group aged 75 years plus. Hence in

the present study, the numbers of persons aged 85 years plus in 1966 in

Armadale, Bathgate and Whitburn were estimated as follows. For 1956, the

fraction (representing the numbers of persons aged 85 plus, divided by the

total numbers of persons aged 75 years plus) was assumed to be one half of

the difference between the similar fractions for the 1961 and 1971 census

data, added to the 1961 fraction, (which was lov/er than the 1971 fraction).

This 19o6 fraction, multiplied by the number of all persons aged 75 years

plus in 1966, gave the number of persons aged 85 plus in 1956.

Thus: (i) ( 8ft plus ) _ ( 8ft plus $ ) m( 75 Plus Ior iyH) ( 75 plus Ior * ' ) u'
**DM being the difference between ratios in 1971 and in 1961;

(ii) (D •2) + H -
^

(75* plus for X ( 75 plus for 1966) ■ 85 plus far 1966.
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622

646

651

656

660

665

670

663

666

674

549
549

549

549

549
5

66

583

601

618

635

629

631

639

926
956
986

1016

1046

1034
1022
1009
997

985

975

979

992

880

902
924

946

968

957

947

936

926

915

906

909

921

864

869

875

880

886

885

884

882

881

88c

871

875

836

831

838
846

853

S60

863

866

869

872

875

866

870

881

727
744
762

779

796

794

792

789

787

785

777

780

790

463
473
484

494

505

523

541

559

577

595

589

591

599

190

196

203

209

215

219

223

227

231

235

233

234

237

29

31

32

34

35

36

37

38

39

40

40

40

40

M.



YEARS

Ages

1968

-69

-70

-71

-72

-73

15+

328

349

377

380

400

407

25+

319

340

367

370

389

397

M

35+

319

340

367

370

389

397

A

45+

ON
CO
CM

308

332

335

352

359

L

55+

254

271

292

295

310

316

E

65+

151

161

173

175

184

188

5sO

S

7>

52

55

59

60

63

64

oM-l

85+

13

14

15

15

16

16

E-«M

15+

319

336

359

370

387

397

£3

P

25+

354

372

397

410

429

440

MJ

E

35+

332

349

373

385

403

413

M

45+

306

322

344

355

371

381

A

55+

254

268

286

295

309

316

L

65+

220

231

247

255

267

274

E

75+

103

109

116

120

125

129

S

85+

17

18

19

20

21

21



YEARS

asw&lmf25wHo"

MALESFEMALES

Ages

1968

-69

-70

-71

-72

-73

15+

433

452

497

575

626

626

25+

380

397

437

505

550

549

35+

237

247

272

315

343

343

45+

188

196

216

250

272

272

55+

154

161

177

205

223

223

65+

75

79

86

100

109

109

75+

23

24

26

30

33

33

85+

0

0

0

0

0

0

15+

305

349

389

405

407

393

25*-

305

349

389

405

407

393

35+

200

229

254

265

266

257

45+

200

229

254

265

266

257

55+

166

190

211

220

221

213

65+

98

112

125

130

130

126

75+

53

60

67

70

70

68

85+

7

9

9

10

10

10



YEARS

Ages

1968

-69

-70

-71

-72

-73

15-24

5657

5783

5759

5530

5524

5476

25+

4210

4303

4286

4115

4111

4075

35+

4563

4664

4645

4460

4455

4417

45+

4430

4528

4510

4330

4325

4288

55+

3908

3995

3978

3820

3816

3783

65+

2353

2405

2395

2300

2298

2278

75+

767

784

781

750

749

743

85+

123

125

125

120

120

119

15-24

5345

5189

5131

5225

5218

5180

25+

4517

4379

4331

4410

4403

4372

35+

4854

4712

4660

4745

4738

4705

45+

4895

4752

4699

4785

4777

4744

55+

4460

4330

4282

4360

4353

4323

65+

3192

3098

3064

3120

3115

3093

75+

1407

1365

1350

1375

1373

1363

85+
.

286

278

275

28o

280

278



COATBRIDGE

AIRDRIE

YEARS

Ages
1968

-69

-70

-71

-72

-73

1968

-69

-70

-71

-72

-73

15+

4395

4375

4343

4315

4261

4198

2790

2819

2864

2935

2980

2999

25+

2862

2849

2828

2810

2775

2734

2362

3387

2425

2485

2523

2539

35+

3051

3037

3015

2995

2957

2914

2058

2079

2113

2165

2198

2212

45+

2939

2926

2904

2885

2849

2807

1825

1844

1874

1920

1950

1962

55+

2353

2342

2325

2310

2281

2247

1626

1642

1669

1710

1736

1747

65+

1375

1369

1359

1350

1333

1313

879

888

903

925

939

945

75+

443

441

438

435

429

423

285

288

293

300

305

306

85+

66

65

65

65

64

63

552

53

54

55

56

56

15+

4283

4279

4286

4205

4153

4103

2758

2777

2821

2900

2938

2953

25+

2934

2930

2935

2880

2844

2810

2386

2403

2442

2510

2543

2556

35+

3260

3256

3262

3200

3160

3122

2144

2159

2194

2255

2285

2296

45+

3255

3251

3256

3195

3155

3117

2044

2058

2092

2150

2179

2189

55+

2735

2732

2737

2685

2652

2620

1773

1786

1814

1865

1890

1899

65+

1930

1928

1931

1895

1871

1849

1255

1264

1284

1320

1337

1344

75+

774

773

775

760

751

742

566

570

579

595

603

606

85+

143

142

143

140

138

137

86

86

88

90

91

92



EAST

KILBRI3E

HAMILTON

YEARS

Ages
1568

-69

-70

-71

-72

-73
!

1968

-69

-70

-71

-72

-73

15+

3978

4339

4573

4370

4534

4620

3408

3456

3467

3425

3394

3348

25+

4106

4478

4719

4510

4679

4768

2846

2886

2895

2860

2834

2795

35+

4133

4507

4750

4540

4710

4799
|

2851

2891

2900
'

2865

2839

2800

45+

3359

3664

3861

3690

3828

3901

2537

2573

2581

2550

2527

2492

55+

1875

2045

2155

2060

2137

2178

2169

2200

2207

2180

2160

2131

65+

892

973

1025

980

1017

1036

1313

1332

1336

1320

1308

1290

75+

291

318

335

320

332

338
j

378

383

385

380

377

371

85+

27

30

31

30

31

32

60

61

61

60

59

59

15+

4197

4462

4682

4610

4756

4822

3791

3785

3798

3810

3786

3754

25+

4297

4569

4794

4720

4869

4937
;

3060

3055

3065

3075

3056

3030

35+

4529

4816

5053

4975

5132

5204

2901

2896

2906

2915

2897

2872

45+

3104

3301

3463

3410

3518

3567
I

2736

2732

2741

2750

2733

2710

55+

1994

2120

2224

2190

2259

2291

2522

2518

2527

2535

2519

2498

65+

1448

1539

1615

1590

1640

1663

1791

17
88

1794

1800

1789

1774

75+

605

644

675

665

686

696

721

720

723

725

720

714

83+

68

73

76

75

77

78

129

129

130

130

129

128
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Appendix 3.2.2.3.

Armadale Other '.Jest Lothian

Lobe of Lung Total Type I Type II Total Type I Type II

Left Upper 11 7 4 I 16 15 1

Right Upper 6 3 3 24 16 8

Left Lower 2 2 0 11 9 2

Right Lower 3 3 0 11 10 1

Left hilar/
midzone/mixed

2 1 1 13 10 3

Right ditto 1 1 0 7 7 0

Total 25 17 8 82 67 15

Appendix 3.2.2.3 Sites and histological types of respiratory cancers in

patients from Armadale and from other communities in '.Jest Lothian. The

source of the data was the histology and autopsy file, Pathology Department,

Bangour General Hospital, West Lothian.
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1976: *lpril May June July Aug. Sept. Oct. Nov. Dec.

.Armadale 35
69.12

35
64.15

22
85.12

13
25.7

22
49,15

34
77.11

60
157.16

52
73.29

106
245.27

Blackburn 12

39.3 .

8
19.2

6
18.1

5
13.0

14
43.1

13
44.0

22
84.0

40
179.1

59
190.7

3roKburn 23
'6.6

16
29.0

11
33.1

8
20.1

13
46,2

15
42.1

29
82.4

44
127.7

80
213.9

Linlithgow 16
30,2

14
30.6

9
22.3

6
20,0

12
37.1

14
64.0

29
61.12

48
127.10

79
214.12

hitburn 25
62,4

15
41.0

5
15.1

4
13.0

9
31.3

14
48.3

18
63.1

30
109,1

49
123.1

other jell

Civic
; entro TTo.A

9 12 7 9

"Monthly values
not available

,'ishaw
!/o. 12

13 21 18 11

Greenlaw
IT0.9

6 12 8 7

Oraigneuk
Ho.7

- 17 14 8

Cours.
i ower TTo.11

7 - - 9

Jervistcn
TTo.10

14 21 15 -

Ehotts
LJTo.9

11 (MM 15 16

Bellshill
L.io.13

19 16 20 11

n!,nonj?;°h 1 13.5 11.4

Monthly values
not available

2 21.9
..

23.0

3 23., 20.9

4 19.2 19.3

5 16.2 17.'

6 17.0 1-4.2

7 12.2 10.6

Appendix 3,2,2, * Readings from air-sampling machines at various sites in /est

Lothian, I'other./e11—Lanarkshire, and Edinburgh: mean monthly values for smoke

(ug per cubic metre) for the months during 1976 when Armadale's machine was

operating. For the sites in Jest Lothian, the monthly maximum and minimum are

also shown.
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Day 1 2 3 4 5 6 7 8 9 10

Mean daily wind
speed, knots

9.1 12.4 4.7 9.0 5.0 7.5 9.2 5.3 7.7 8.5

Mean daily smoke
conc..wg/cu,a.

12 44 60 54 69 44 41 43 54 60

Mean daily £
. cpnc^MsZcu.

302
m.

21 30 42 31 49 14 43 30 27 41

Mind speed 8.3 10.8 9.9 12.0 7.5 3.3 3.6 10.2 6.5 4.5 8.4 8.0

Smoke 21 34 15 21 32 62 26 45 28 64 30 30

so2 13 27 13 20 20 32 28 36 27 41 34 19

/ind speed 3,1 5.3 4.3 6.6 7.0 8.0 14.1 11.5 7.4 7.0 5.1 10.8

Smoke 37 46 35 28 28 21 12 17 22 31 85 27

Wind speed 8.7 8.8 11.3 5.8 7.3 3.5 } last day «= day 10
Smoke 23 12 12 13 15 11

Appendix 3.2.2.5. Daily mean .iind speed, Turnhouse Airport (Metform 6910)

and daily concent rat icais of smoke and sulphur dioxide in the air of Armadale

(source: hvironmental Health Offices, Jhitbura). Day 1 .ias 21st April 1976;

day 22 v/as 29th Hay 1976; day JO .vac 30th June 1976; no pollution readings

were available for week-end and public holidays, nor for the day following each

holiday.
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METAL LEVEL (jug/cm2/30 days)

Site
Iron

(Pe)
Lead

(Pb)
Zinc

(Zn)
I'angan .

(Mn)
Nickel

(Ni)
Cadmium

(Cd)

1. 3.8 0.19 0.26 0.14 0.058 0.078
2. 8.3 0.23 0.12 0.18 0.070 0.032

3. 11 0.64 0.45 0.24 0.083 0.069

4. 7.1 0.34 0.23 0.38 0.077 0.077

5. 18 0.37 0.51 0.86 0.096 0.097

6. 14 0.37 0.46 0.70 0.050 0.14

7. 16 0.39 0.40 0.63 - 0.11

8. 32 0.41 0.66 1.4 0.17 0.029

9. 40 0.48 0.95 1.5 0.19 0.050

L 1. 5.2-10 0.49-0.97 - 0.10-0.19 .05-.18 .001-.01

L 2. 9.3-13 1.4-2.0 1.9^.2 0.30-0.51 .18-1.1 .003-.012

L 3. 3.0 0.66 0.15 0.08 0.30 < 0.004

B.V. 5.1 0.22 N.D o.14 0.033 0.072

4,V.t.(i) 9.3 0.21 0.58 0.26 0.0}6 0.018

(ii) 7.7 0.21 0.37 0.37 O.O61 0.028

5,V.a. 6.4 0.08 0.62 0.52 0.011 0.023

V.t. 13 0.25 0.98 0.74 0.066 0.026

8,V.t. 11 0.19 0.45 0.75 0.060 0.018

9,V.t. 14 0.18 0.40 0.73 0.069 0.023

Appendix 3.2*2.6 Moss bag analyses: metal levels in bags at sites in
Armadale as shown on Pig. 2.3.3.6. Numbers alone represent moss bags
fixed horizontally; numbers followed by "V" represent bags fixed

vertically ("t" = facing towards the foundry; "a" = directed 90° away

from the foundry). Numbered sites preceded by "L" represent horizontal

bags at London sites: L 1 = Chelsea Physic Garden July — 76 to Feb.-77>
L 2 = site near Secondary Lead/Zinc smelter Nov.—76 to Jan.—77? L 3 = Kew
Gardens, Jan.—77. B represents "control" site near centre of Bathgate;

(N.D. = not detectable).
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EDA
Total
pop.

Pop.aged
60+years

Male pop.
aged 45+
years

Resp.
cancer

Male
resp.
cancer

Other
cancer

Male
M.D.

Other

resp.
dis.

Cerebro
vase.

dis.

1-3 1502 116 216 3 3 7 16 1 14

4—6 1311 187 202 6 2 14 8 7 6

7-9 1033 246 207 5 5 21 10 7 12

10-12 1028 214 190 6 5 12 12 4 6

13-15 995 248 202 17 15 12 12 9 13

16-18 1208 156 159 5 4 17 7 2 9

19-21

28-30 not obtained 7 6 11 9 2 6

7-11+30 - 400 - 10 - 34 18 11 19

Total 49 40
——.-

94 74 32 66

Appendix 3.2.2.7 Areas of Armadale composed of Enumeration Districts

grouped in threes: 1971 census data, and numbers of deaths from

various diseases for each area are shown. (Sources: Armadale parish

death certificates; 1971 census publications).

Abbreviations: pop. = population; resp. = respiratory;

M.D. = myocardial disease; dis. = disease.
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